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persistent problems that have been Identified from the resefrtplt^^he 
review is orgjni^ed Into eight sections. Rn inttoductor;T;^fi«^Hon / 
describes methods of using research to understand the;;Kience 
learninQ context, pitre followina sections fogus pn^^Ssearcb , dealing 
with the elementary school student^ the emerging^dolescent, the 
adolescent, the ^'undergraduate college student, anji the science 
teacher. The last two sections deal wj-th measurement instruments used 
in science education, and an historicalj perspective relating science 
education research of 1979 to that of >ne palst and discussing trends 
and implications for future research. (CS) , > 
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Preface 



research Reviews are being issued to analyze and synthesize research' 
related to the teachin|^.an3 learning, of science completed during a 
one year period of time. These reviews are developed in cooperation 
with the National' Association ior I^esearch in Science Teaching,, 
Appointed N^RST committees work with staff of the ERIC Clearinghouse 
for Science, Mathematics^ and Environmental Education to evaluate^ 
reviei^* analyze^ and report rese arc h results. It is hoped that 
these reviews will provide research information for development 
'personnel", ideas for future resjearch, and an indication of trend* 
in tesearch in science education. 
> 

Readers' comments and suggestions for the series are i^lvited. 



Stanley L^^elgeson 
'Patricia^E.' Blosser 
ERIC/SMEAC . 




This publication was prepared with funding from the National. 
Institute of Education, UtSt Department 6t Education under 
contract no," 400-78*0004, The opinions expressed in this 
report do not necessarily reflect the positions or policies of 
NIE or U,S, Department of Education, \ 
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A SUMMARY OF RESEARCH 
IN SCIENCE EOUCATIdNL-1979 



David P. feutts ' . . . ' 

Utaiviersity of Georgia . * 

Athens, Georgia 30602 



, USING ftES^ftCH TO UflDEAS'TAND im SCIENCEIEARNING CONTEXT 

A Search'Tol^aii Order of Ideas V ^ ' r 

ResearghN in sclenc^ education Is the search f^or relevant variables 
by which we. caW both understand and nurture srclentl-flc literacy-. 'Jn . 
this s^a^chy the^ reality df the science lealrnlhg coht^^tt may be^i^de \ ' 
to fit opr conceptuallzat^OTi of that context* Or, 1-t Is passiyC that 
out, ldjea% about^the sciencjeL learning context !are .ba^ed on what sis ' ^ * 
found/|n, that co|itext. Btlunswlk (1952) aptly^es«dbld/the second i 
ppssiWlity as^ tlie desired pne> "let the order (Jt , Ideas; be.the'order 

/of things." ^^^M^ what Is^ the order of thlng^^ Whdt, occurs when students 

*learn scl^nce^r'become scientifically lltVrate? 

y When a learnlrfg/efiSrlrjooinent and*. In the -case 6^ this ifesearch 
^ review, the \Sclj^nc% ^learning environment Is reflected upon,, ljts arder 
seems to de^^l^t three t^omjponent^/ There are the pecsprial Interaction s 
.among teacher and students^ 'These Interactions arepart ^of an ^ ^ , 
ln:gtruct l6nal Intersection jfchat includes: b^th the comient £i^d the ' . 
ttethodo^ogi^s usecf* The ampuht and 'source'o'f, the cDntTrbl'of^ both the ^ ' 
personal dnd- lastructl9n Ipteraction^ are shared in v^tylog degrees t>y 
thg teacher and the students* Surrounding^ these, Interact^lhns are ihe ^ 
expectatlon3 ^of rsfchoots as they reflect what sqclety fn general expects^ 
these Intftltutibna to^ccomplish. - * . ' - K-^ $ 



Learnl^^ In.acienfce thus^ Influenced by botri^the \4iSjStructional 
^ Iriteradtibns and tjifl^e in other areas of^ the schooling erf^ejrience as 
_weir-as by'the home, community and broa^der social pressures\ Flgutfe 
1 illustrates hbw **the order of things" Includes whai^ is happening in 
a^ scjt#nce learning cotitext as part of a much larger ei:ft;*lroni4|^ptu It 
^s 1& the tot^l^ environment- thai^ m^y cues are available to tKlp..us 
/uttderstapd and' nurture the science jjearning context.'' 

- t ^ , , I ' ' - • V ' - % 



Basic to the **ordef of ideas^Sa&ot " th^ **order o/ thiogs" is the 
assumption tHa^t^cttes in .^n .envlrono^ent mus~t.be perceived and that 
"jludlgnlental responses inu>t Nbe maS^^ fo -them/ Bi addition, what we do^ 
oui{ responsfesv ar^in partNshaped l&y what we perceive to fie the conse- 
quences "ot^^at action\(Wj&oViru/f , 1968), *Our research can help us 
'iiavejat,richer perception of Vcues from, our slci^nce learning contexts — 



and i^' cat! ^help us make wise^ respon$^s to our new knowledge. ^HaTnmonc) 
(1V66) delferibed la r'atiopplellfor this: . ' • " v ' ' 



'''1 



In order for the Organism .to perceive correctly (i.6*^ to 
*4i!hieve)\thie- intended .otject,' the "bjganism must have infor- 
:mat4pn aobut .it! ''Information ^s provided by. the -stimulation 
at the proxloial layer; a stimulus i^ this region is referred^ 
to ^as ^ senipry c^et ^SLch cUes are the physical stimuli 
.impinging o^the ^sutface of the Qrg^i3m>* but they are more 
than that, ^piey are th^ local' signe that hav^a refereijce 
in the world |ff objects* - Put otherwise^ proximal stimuli 
are^ local represent at iv^s of distal objects or distal^ 
variables (p.. 26). ^ U 



V 



T 



Tolman and Brunswik (l935)> desctJ-bing this situation^ stated: 

By means of such local representatives the organism comes 
to operate in th^e presence of ttte local representative in 
^ a. manner more or less appropriate^ to the fact of a'more 
distant object or situation^ that \s> the entity rfepre- 
seOted . (p, 43) 

Hammond (1966) continues: 

The proximal stimulus theri Is a local representative that 
'provides only* a '*l^nt*' In an uncertain siruatioB^aa to the 
nature of the object. Not only must the organism have 
information in order to achieve a distal object* it must 
have a means for achieving its goals. (p. 2€% 



The Order of Idea^ in Research tn Scieoce Education 

To describe research in science teaching is to assume\that one 
has an operational picture of this subject. In the anclent^s day 
this, assumption was veil described by the story -of the six blXnd men 
o'f lO^ustan as each one in his own vay was carefully describlng^the 
subject \>f his attention. Each was'^sure his descrlptldn was pce^se 
and accurate. From todey^s vantage pointy It is evident that the 
author of this faBle w^s <ibrrect in that each of the six men fallec 
to grasp the complete; dimensions o;f their search. But what about 
th^ arrogance of the author of that fable in assuming that he could^ 
Indeed^ see the complete picture? ^ 

To descrlbe researcti in science teaching does seem to Imply that- 
we can stand high enough on the shoulders of colleagues to be able to 
view the domain encompassed by the subject. Is our order of Ideag 
governed by the order of tjilngs? Which research^ studies should be 
considered the benchmarks of -research In science teaching? Soippose 
one were to list the 21 research studies coA^dered to be the most 
important in spience teaching. Which would7<>^ selected? A more 
relevant question would be — by what crlterifa would they be selected? 

In a volume describing research during' l948-5i^Swlft^ 1969) » th^ 
criterion, for selection was the number of ti^es the research study was 
quoted in other research studies. Whll^ that criterion may not be 
adequatjs^ what better one could be use^T ' Ebfel (l9€7) ^ for ^example.*, 
suggests that the relevance of research to pract ice Is an appropriate , 
criterion. . Lamke (1955) suggested that 

If the research in the ptrevious three years of nedlclne, 

agriculture,/ physics, and chemistry were to be wiped out, 

our life would be changed materially. But if research in ( 

the area of teacher personnel in the same three years v(ere 

to Vanish, educators and education would continue much as 

usual. (p. 192) > ■ 
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In what iray is.-research in science education relevant to ptactlce 
Is It relevant to teaching? Gage (1968) emphasizes that the n^^d in 
educational research Is precisely the teacher's behavior. Gage states 
that 

It Is all right for a teacher to know about learning, J:o , 
know her subject matter, to *have appropriate Instructional 
material, and to fit Into a given organization for instruc- 
tion. But what a^teacher really wants to know is *Vhat 
V should I do In the classroom?" (p, 119> 

On this one dimension, what does the research In science educati^o 
have to say to a teacher at any level! elonentary, junior high, high 
school, college or teacher educator? 

Research on science teaching and learning represents two clearly 
defined tasks. One is research cJn, learning which Gage (l968) defines 
as. dealing with those conditions under which ^arnlng or change in 
behavior due to experience occurs. Research on teaching, however, 
Includes the conditions under which learning occurs In one person — 
or the conditions established by the behaviors of another person. ^ 
Is the teacher a helpful assistance or a hindrance to learning? 
Indeed, 1& experience necessary for learning? The contrasts between 
teaching and learning are further Illustrated in 4. recent statement 
by Plaget (1970), When asked about what specific points of his work 
were most relevant to educational changes, Plaget (197.0) stated 

In my vi^, our most decisive finding is that knowing in " * 
. ; Its various manifestations does not uniquely derive from 

external world through mere perceptual experiences, or ^ 
through social transmission, but supposes a construction 
activity on the part of the subject. , However, one-should ' 
not' assume that knowing is written Into'a subjecf: from , ^ , ' ' ^ 
his beginning as Innately given and a priori. Rather, it 
impries that each developmental stage and for each new 
problato some aspect of real construction,* This I can see 
above all "the problons for the school. What In fact 'should " ' . 
he Its goal? Is it to produce Individuals who, can repeat 
what Is known already and who can^ register and accumulate 
In their memory the sum of the already acquired knowledges, 
or rather, should the goal of education be t^o. produce a 
■ ' gersdn who is In differing d^reas or at least within the^ 
domain of, his chosen activity (if not on all domains)* 
capable of creating and discovering new things, an indi- 
vidual whp can contribute something new to the knowledge 
of previous generations? For my part,' I^VOuld think that 
if one succeeds in developing the creative mind of an 
^ Individual, he will have all his life to consult libraries 
and learn all the acquired knowl^l^es. Whereas, if one 
limits oneself to shaping individuals -who only repeat what 
they have learned, they will never know how to discover ' 
new solutions. The aim of education aV)ye all is to ' . 
' foster a creative mind in the thlnklng'and doing of the 
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— , ^ ^ child and consequently to entphdsl^e as much as possible 

Individual Initiative <loes not meanr^hat the child can do . ^ 
what^ he pleases. It implies ^ome material prerequisites In 
J challenging situations that pose problems to the chlldVs^ 

mind that orlei^ him In certain research directions. At" 
the same time the teacher must b& content to stimulate' and 
lead the child In appropriate direction without giving 
solutions to him from tne beginnings The teacher must ^ 
give the child the opportunity to rediscover as much as 
possible Instead of m^ely learning from external authority. 
In this manner, the child will grow into an adult who In 
real^Kfe Is capable of finding new solutions, (p. .1)^ 

For the learning psychologist, further studies on learning are 
both needed and Important. The science education researcher shoulfl 
use all available assistance In providing instructional strategies' 
with an emplrlQal base to aid a teacher in deciding which instruc- 
tional, strategy to use Vhen and for which students. We hdve 'the 
question, *Vhat « should I do In my classroom?** How can this que^tl^n 
be approa^ched? Gage (1968) , Medley CX979), and Rosenshlne (1979) 
. ha^e suggested thaj: much effort has^^ been expended in rather fruitless 
j studies to Iden^tlfy the effective teacher. ^ The results of the search 
j for this elusive .concept^ have served to convince many scholars and' 
J researchers that, rather than global^ concept of effective teaching, 
j one should'emplrlially establish small or micro criteria for effective 
' j teaching. A strategy for , ddlhg this h^s been Identified by Ga^ne 

i * (1967) when he said 'that he still is not ready to repudiate ^hls 

assertion made ten years ago that thcf^best source of e^cperlmental 
probielbs in tyhe study of problem solving Is an examination of people 
: solving problems. By extrapola tion theh,. the b eat sodrce for study- 

^ Ing teaching \ls vto study/people teaching. 

^ Knowing how £o teach appears to be a similar way .to express th^ 
question **What should I do?" Is there a single way te^ do Itt As* 
^' ^deacrlbed by Medley (1979), this Is a search for the best method of 
teaching. Analysis of classroom behavior Is not a new subject of 

' Interest to researcher^. A number of systems (Ryans, 1963; Jackson, ^ 
19616a; Cronbach, 196^f Blddle, 1964"; Carroll, 1965; Slegel and siegel, 
1967; Glanders., ^964; Meux apd Smith, ^1964) iiave. be^n generate^ as 
ways to 'describe classro.om behavior. In many ways these^^s^e' cater 
, * gory systems^ have been used to assist teadhers In acquiring new , ■ 
strategies of Instruction. Faced wltK this plethora of systems, 

^ which Is fhe best? ^ 

The answer to this -que^^tlon will essentially be embedded In one! s 
assumptlpn about teaching* Analysis o^f people teaching can be made 
' ^ ' based on two contrasting ^assumptions about teaching. The macro vlew^ 
suggests that teaching Is San art and that It can best be emulated by 
modeling the master teachei^/ The mlcro^ view of ^ teaching suggests, 
that* teaching j^s an ^^ct, which can be'subje^ted to ^stematlc analysis 
and emulated by master^lng the model teacher* s component behaviors.' 
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withla thSB last set, one^ can Identify- a ^et. of dependent variables or 
performances o^ a teacher such* as J'establlshin'g sejc'' or, ''establishing 
approprl^ate, reference*' or **acshievlhg closure" or '^using questions** or 
**recogiil2ltig an.^ttenfllng behavior'' or ^'control of participation*' or 
/'providing feedbacic** or "employing rewards and punishments'* and "setting 
a model/' To study the role' of* these skills in teaching, other sets of 
iiu^ependent variables such as pracftlce variables, feedback variables, 
and danonstration variables c'^n be set up and studies conducted. An 
alternative to this .approach has. been described by Jackson (1966b) 
when he 'said . ■ * " - " 

Individualizing insttuctlon in the educator's sense means 

injecting humor into a lesson when ^ student seems tq need \ 

it, and becoming j^erlous when he-is ready to settle down 

to wDtk* It me^s thinking of examples that ^re uniquely 

relevant to the student^'S previous experience and offering- 

them at just the right time, -^t "means feeling 'concern 

over whether or,nOt<a student is progr-essing and" cdmmunl- '\ 

eating that conceifn in a way" that will be helpful* It' 

means offering ^appropriate praise liot just because positive -< / 

relnforcers' strengthen response tendettcies, but because the ; 

studeoxt^s performance is deserving of- human admiration/ 

It means In short responding as an individual to an'* 

Individual, (p. 1) 

Although tbicro teaching seems to be based on the assumption that ' 
teaching^ is the imparting of itiformatlon, . a luore macro view adds the 
dimension of the teacher as an individual responding to other indi- 
vidual's* . * J 

Thus the question, ''What should l' do in thfe classroom?** further 
emphasizes that it is true that two essentials of a good teacher are 
a) enthusiasm, and b) thorough Interest in his sqbject. A third 
essential is knowing how to teach. 

, ^ In addition to deciding which system to use based on one's* view, 
of teaching, a second set of variables should be considered* « Indi- 
vidual differences in students have long been recognized, researched, 
reported, and remediated* Similar differences are likely to be 
found in teaching styles* Can one Support a set of categories 
supposed t6 be common to all teachers at all times in all situations? 
Is it possible that there are identifiable teaching, styles which 
produce equally healthy student achievement but which differ^ markedly 
in their approach to similar scieBce teaching challenges? Are some 
of these categories of analysis of teachers appropr^iate to some teach-' 
ing styles but not to others? What empirical evidence do we have to 
suggest to a teacher who demonstrates an Identifiable teaching style 
that, -in order to^ proc^uce healthy student achievement, he/she needs \ ' 
to acquire the entire repertoire of individual teaching strategies 
which can be taught? , 

In searching ^ong the order of things to find an order of ideas, 
the target of research has shifted from the listing of essential^ 
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characteristics of teachers that might mak^a difference In stUdent 
outcomes to contrasting Instructional appr^whes, to process/product 
descrlptlona In w^lch what a teacher does an Impact on the 
^classroom clitoate and ultimately on how mucti students learn. Thus, ' 
research In science education may focus on the Instruction filter, 
the teacher filter, the student filter — or their Interaction (Figure 
2)* " ^ - . . 

As ref^^ect^d in the science education t^esearch In 1979^ we have 
a' wide variety o^ cues— a rich source of Information about the "ordjer 
of tfjlngs" on which to build our "order of Ideas. In this , research 
we have cues about the iimtiedlate science learning contexts and» to 
sojjie extent, som^ potential Insights about th^ school and about 
social Influences on science learnings of students. 

' Schooling may be viewed^ as a continuous context from pres^chool 
^to graduate school. Within the schooling/ society context, It Is 
|ielp^ul to organize, information as dt f It^f the conventional organi- 
zation of schoollng-^the learning context of elementary schools, of. 
middle/junior high schools^ of high schools^ of undergraduate colleges 

In scl^ce education research, a fifi:h context Is observed™the 
professional development pf ^science teachers. Wltbln'each of these ^ 
Instructional or leanllhg oontaacts, the Vorder:of things," or cues, 
seem to flf from three "order of i,deas*', — cues re^ated^fo the ' ^ 
student^,, the teachers, and the 'instruction (Figure 3)1 , -these three 
primary sources of cues do not exist in Isolation. \ They;jnay^be vle^^ed 
as filters through which the Intended outcotnes of ' schooling ar^ptrans*% 
lated Into the actual* ^hleveAient^ or outcomes^. The interaction, or. 
Influence of each filter: with the intehded outcome^ Is not" k aimple ^ ^ 
a 4* b c paradigm, however. Rarely Is there such an overwhelming 
student characteristic (b) which when added to Instructional goals^ 
(a) will always produce- results In achievement^ or^ Outcomes (c)^ ^ 
Rather^ each of the three filters -^student^ b^> teacher Instruc-^ 
rional b^) are Interacting together as a(bi 3fi b^^ jj^) « c* 



Looking ^back on the^sc'lence education research of 1979i<^lt is 
possible to see patterns of the "order of things" which en/lch our 
understanding of our "order of Ideas. ^ t / 



We can know more^ about students and their characteristics 
which appear to Influence the' interactions of the learning 
context and the outcomes of science learning* . 

We can know more about teachers and their characteristics 
which appear to Influence their ^Interact^^on^ with students 
In the learning' context of science, : 

We can ^ow mor« ^bout instruction, that Is,^ specific' 
science content, s'jfieclflc' Instructional strategies and 
how they are related to science learning- contexts and 
Instructional outcotnes* 
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' . We can know more about "first- order*' interactions of these 
"filters , ' . 

between Student ^nd teacher, 
between ' student . and Instruction, 
u between teacher and conitent, ' 

4 between teacher and^lnstructlon, 

a^d'^how these interactions influence the science learning context and 
^the actual outcomes, 

h Thus, the Vui^pose of this review of the science education research 
of 1979 is to examine what we know about the "order of things" and how 
VjB can marshall .these cues into a betper conceptualization of the 
"ordes of ideas,** Frotn this search, we wlll^have a basis for wiser 
decisions as to what, we should do to further nurtuire the science 
learning context and what unknowns we need to explore. We will be 
letting our order af ideas indeed be a reflection of the order of 
things in our science^ classrooms. 



The Research Strategies Used to Find Science Education's Order of Ideas 

Research strategies may be categorized into two groups; those 
strategies which provide bases for describing whrf^is — or the "describe 
. ing strategies, *^ and- those that are^ useful for changing what is or thq, 
'I'iroproving strategies." 

In^the descj:i1?^ng groiapT one research strategy is historical ^ 
research. This is the jise of records of previous events for^the 
purpose of arriving at geiueraliz^ions by ^^ch^the t>tg^nt may^be 
interpr^ed. Siecognizing [the dangefr , inherent ia 4jsing gne instance 
in history on which to base s generalization, historical' or. stirvey ; 
research is.jespeciaJ-ly useful as basi,s^f6r a, theory. ; D^duction^ ■ 
from that theory can then be the_ hypotheses, for* further ^stu^dy'.- 

A second strategy of research useful in describing "what* is" 
futuristic research. This cdn be Identified as that research \Jilii'<;h 
^ attempts to predict what the future in education will be. In making 
tti^se projective predictions, the assumptiorrs about what is con^f^ered 
relevant in the present become explicit. For example, in his */ 
description of the future of formal education in the 21st century, 
Brewster (l969) clearly identifies his assumption^ about what the ^ 
university should be doing — namely, conveying^ and constructing 
knowledge. 'His univer^sity of the ifuture reflects these alssumed 
functions, " In such futuristic projections, it is remarkable how 
our unseated frames of reference can become explicit Aui open to 
careful examination. 



A third type Is naturalistic research. In this appr^ch, Che- 
phenomenon becomes che object of study. For exampnn as Atkln (1967) 
described this approach, the problem of generating and validating 
generalizations about effective teaching W3uld be 'studied by a group 
of scholars t)epresentlng different disciplines, all becoming Immersed 
in the same cl^srooms at^the same time. Based on their Intensive 
study of the natural setting, descriptions of *'what Is*^ can result 
from imaginative and shared perceptions of schplars from quite 
different perceptual backgrounds;^ From th6se gener^lzatlpns^ new 
.answers or solutions to science teaching can be generated. 

Each of thQse three groups has a common denominator In that they 
can be used to genera^te more accurate Information related t6 the 
precise description of what Is going on In the classroom as viewed ' 
from historical, present, or future assumptions. ^ ' 

V 

The Improving Strategics 

A second group' of strategics Is directed toward Improving or 
changing current practice in science ^teaching. One type is the 
exploratory study. In this type of st'udy, "data are collected in 
an attempt to ferret .out relationships iShich the ^researcher Intul-' 
tlvely believes to be present.^ Exploratory studies are ^useful to. 
establlsh^r demonstrate associations but do not establlsh-cause-^ - 
e^tect relationships. . Exploratory sttidles do provide the opportunity^ 
to^ generatTe hypotheses about relationships, ^whlch then can be pursued 
with ^plrlcal studies to determine their' validity. 

A seconcf type -is the empirical or experimental .study which is 
usually described as- the model used ln\the behavioral sciences. Ln 
such a strategy,, a variety of research designs have been described 
by Campbell and Stanley (1963^) as ways^ which the validitj^of, 
hypothesized cause-effect relationships <;an b&'e^tabllshech Such 
a strategy is useful -not as a s<^urce of ideas— but a^ a refining 
process pr a search again into th^ cumulation of wise practice. 

" X third is the engineering model' or strategy: tn th^ls strategy 
the performance objectives or '^xpectat^Qn's- are ^delineated, and the^ 
system is! designed, to e^chieye thes^ expectations in the ^st direct,, 
and' ttius^ecdnomtc^lly .ef f lc;(e{it, manner j>osslbl^ Achievement pf 
criterion perfonnanc? is the messurfe of.-tK^^c6;^s4 of-'thie products 

The second' category^ of ;>research strategies is a source' of 
specific ways to change i^at is laibwn aljput what a teacher* should 
do^ln the classroom.. Through exploratory studies the potential 
relationships between specif Ic teaching be1iavJ,ors or patterns ^nd 
, students* healthy achievement can^be Identified;- Sub^eqt^ent .empiric 
cal research^ studies can be used to d^bnstrate the val^dlt^ of theses 
relationships^ ^ Engineering research strategies can then be>^empioyed. 
to develop learning conditions by which the teacher can acquire those^ 
competencies which have a 'demon3trated empirical val'ldlty. 



In retrdspect, which strategy is the most relevant? If the 
search is indeed one in an area of complex and multi-faceted phenomena 
then a ^i&ore appropriate question might be-*-*for the task that needs to 
be searched anew"What is the most relevant research strategy? The 
logic of selecting a research strategy based on the expected outcomes 
of search is simple but powerful* An eclectic approach is reminiscent 
of Gagn6*s (1965) description of the search for learning theory in 
which he states 

Although many people including me have tried for years to 
account for actual instances of learning in terms of a 
small number of principles, I am currently convinced that 
it cannot be done. To the person who is interested in what 
principles of* learning apply in education, my reply is that 
the question must be asked and answered with the consldera-* 
tion of what capability is being learned, (p* v) 

In this ^way, researchers in science educa^t:ion can avoid what in 
other ar^s of research has been characterized as sterile and xrrele-* 
vant research* We can omit what Wolf (l969) has described as his 
5-C model ^ihich includes 

^ ...Cosmetic, Cardiac, Colloquial, Curricular, and Compu- 
tation^ methods of evaluation. * The Cosmetic method 
4^yolves taking a cursory look at tfie^ program and deciding 
if it looks good, while the Cardiac method requires one to 
dismiss the data and believe in his heart that the new 
program is indeed a good one. (p. 107) 

Science education researchers can function as a translator for 
events' in the classroom setting* Based on >Hiese established rela- 
tionships, and uhder controlled conditions, the empirical validity 
of these relationships^etween teaching style behavior and healthy 
student ^achievement qan be established. This i:esearch will demon- 
strate wha^ Greenwood (1945) described as the 

Natural experiment in which... (we) do not control physi- 
* . cally what we want * ^^.^ (but rather) we contiyl ment^ly 
by selecting from the enviroiiment what we need. 
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SEARdHWGTHETsCIENCE lij^NINGCONT^^^ " - ' 
OF THE ELEMENTARYiSfcHOOL STUDENT „ . = > ^ 

■■ ■ ■ O ' ■ . ■ ' ^ 

As a conte;^t ' in.vhich the student learnt 'general basic sklH^and 
specif i^'id^^^ -the eVemantary school r.epresents the ^iicJeTit,'*,8 first * 
experience with fcl^rm^F sc^oling. The challenge of thi^^c^teitt has 
been widely redognized in the science education 1 itetature.% beginning 
with researcli about the^heart of the science learning feoStext/^the 
^Student 'and^ teacher,, thji^s section will then iqclude descri^xd^:pf 
'researj::h related tt^'^the instruc^&ional c<?Lntext and hbw these. are related 
to the Xlutcomes of scienbe learning iti the elementary ^cficfel^.^ — ^ 

The Student Ftlter ^ . ' , ^ . ^ 

As seen in Table 1, ^5 'research studies reported results related 
to five elements in^the cOi{iplex of variables in the student . fiLtei;. 
In most pf these studies the relationship of associatioti^Qf ^'specific' 
element to ei^^er achievement^ or -att itudinal outcomes wer"^ lavesti*g^ated" 
f n "a very limited numi)er ot studies the ii^eraction of the'^student 
variable with insttuctional varia^bles ^as explored, ^ese will be 
repotted in thfi^secti^jn on the Ibstructlonal ^filter. ' ^ ■ 

k - . ' ■ . \ c ' ' : ^ ^ 

The elements hi the instructional context ^re categories of 
student .variables or order of., ideas that emerged .from^ a ^rompte);^ . *^ ' * 
listing- of all the stt^ient variable's that were "included'^in" tiie^^5^- 
studies. Gender of stltdent^ the student'^ age or pre^'ldc[S; ^^ei^iencet^ 
the student *s»^abiliity <tr; aptitude^ environmental Variables^ ^&h^a& 
8ocio*economic status^ ethnic origin^ and' the student *^s'^gnitive ' \ ' 
developmental level or learning ^tyle were th^ ^^Y^ elem^t^ . t^J^t . 
seemed to encompass all the variables as^ciat ed ^ith^^t'he ^s^d^ept ^ 
filter: ' ; . - , ■ 

^ " ^ . : ' 

In What Ways Are The Outcomes of Science Learning DifTerent for / ; ; / 
Boys Than Girls? . v ^ ' \ 

In eight studies, learning, outcomes were described as specifi<;, 
achievement knowledge or skills. In two of these studies no * t 

differences were found between the achievement of boys an^ ^rl'^. \ 
In a study with 59 elejnentary students. Smith and Litinan,*(2f75'J'^ound ^ 
that uninstructed girls did better th^n uninstructed bays on^tasfcs 
re<|airing spatial visualization. When achievement was describ^cf as ^ 
the ability to go from* two^imensiongl to three-dimerisiohal" c^inqep- 
tualizatibn^ Jones (141) found that boys ,did better than^girls^ in ^ 
studying the impact of an astronomy exhibit on 133 ^elementary- students, 
Sneider et al. (276) found gi^ls achieved more knowledge :and .skil Is ■ 
than did boys. However, witn 140 hospitalized and well cHildreri; 
Denehy (71) -found that boys achieved more knowledge of the bo.dy tjian 
did girls. Boys were foupd to achieve a greater understatrdift^ of the *^ 
concept "living" tljan" did girls ^n a study by Wolfinger (332>^ ^ 



Table 1 

Research Studies Related to the Student Filter of the Elementary 
School Science Learning Context 



Element 



Findings* 

'No. of Related to 

Studies ' Achievement Outcomes 
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•B > G . B < G 




Gender 


11 


2 ' 




1 


Age/Grade Level and 
Previous ^Experiences 


16 


1 


dl > L • H < L . 


1 


Aptitude/Ability 


9 


3 


.4 - 


' ■ 1 


Environmental Variable^ 




. 2> 


2 




Fersonalogical Variables^ 


_5 


. 1 


3 


1 




' ':. 45 






4 



Related to 
Atcltudliial Outcomes* 



B > G 



< G 



H > L H < L 
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Beebe (1^) found that boys tended to uae m6re p*hysi,cal explanations in 
^describing natural phenomena than did girlS. Two researchers lo6ked , 
at differences i!b the cognitive development of students'in the elemen- 
tary sqhool (DeLuca, 69; Mali, 193). In both studies, boys' we ne not 
<jifferent in cognitive development it<m girls. 

The attitiides of students on their preferences were outcome 
varlabj-e's in three studies. Kishta (158) found that'^oys' and* girls* 
linguistic preferences were similar. ^'In a stnidy with 353 sixth grade^ 
students who were in SCIS, Wareing (3£2) found that attitudes of boys 
' toward science and society were substantially different from tha^e o'f « 
girls. Sneide^r et at (276), found several similar attitudinal differ- 
ences, with girls being mor£ positive thao boys. 

Does loiowing student gender hel^ a, teacher understand or^ expect 
diffcfrence? in science achievement in the elementary »3chool? Based on 
the studies reported^here , no dif^feritnce was found in two instances, 
Boys did better than girls in- four studies and girts did better than 
boys in tvo. The lack pf a clear pai:teTn ^supports the conclil^on that 
the '*order of things** suggests ^if f eirences ; in achievement are pis^o^bly 
not related to the student*s gender >tit to othet variables. A similar 
pattern i^ pictured the three studies reptesenting r^esults- relativ^ 
to attitudinal' outcomes. ' ^ . - . 



At best, ImowXedge of d student*s gender is not a useful predictor 
or -c 



of ^ achievement or -attitudinal outcomes. o'f science in the .elementary 
■-school. ^ 



In Which Ways Are The Outcomes of Science Learning Differenl for 
Studeots of Dfd^rjent Ages; Grade levels or Past Experieocte?'^ 



J' 



The. age of, a child, may be d^scr^bed in chronological terms or in^ 
terms of number of years ^in school^ ^ In the strictest sense, this 

lement is one way to ident^ify the. influence of previous experience 
on^-^schooling outcomes. ' ^ 



' Of the nine studies -in which age/grade level was an independent 
variable, eight found that older <:hildre*i achieved mor^ thar) djd 
.younger ones. ^ In e^tamining the influenc^e of^an instructional' s;^tr^tegy 
on unitf achievement tests^ Burwws and Okey (36) found .that in their- * 
fourth and fifth ^rade sample, fifth graders consistently had^higher 
achievement. ^ Snelder et al. (27-6) found thaf, in her, sample of 138 
students, older children gained more understanding from. an astronomy 
exhibit than did younger 6ne&. Using ^ix fourth- and fifth-grade 
cias^ses,' Werling (326) foUnd that aldej''^children both ac^hieved mot'e . ' 
in knowledge aboXit their enviroiuoent ^hd in i^sitiVe att^tYKles toward ' 
their environment than did younger students. ^Chavez (47VTOwever . 
fqund t.hat in his study of two sixi:h*^grade -classes^and ^e sevenfli-^ 
grade class, there seemed to be no change in-attitudes towar(J sf:ience . 
after they participated in an instructional^ pro^ranj related to sterco- 
\types o^f scientists. JonjBS: (1:41) expl<jre^ .how siXth*^ .s^nd /eighth^ra'de- 
studepts functioned when theV had >tp d^cribe .three-dimensional' dbj'e^^ts 



in terms of two-dimensibtfial figures. With the 181 students in his study, 
he found'thaft eighth graa^rs did better than sixth ^rad^rs,, 

Nussbaum i22U\ explorea\thfe concept ,£hlldren had of the earth with 
240 fourth through eighth graders. He reported tj^at older children 
consistently had more advanced \pncepts. 

Hali^l93) explored the patter^ns of cognitive development in 
Nepalese children .ages 8, 10;>' and 12y He found that 'older children 
displayed higher development than, did^oun^er ones. Denehy (71)- 
explored what students knew about; thelrV bodies. She found that, in 
her sample of 140 students, oider chlldr^ had a more accurate concept 
of^ bpth size and location o^ major, org^s 6f the human body. ^ Beebe 
(18) explored children's explanations of nat\n:al phenomena with 96 
children from grades orie, three, five and seven. He foun^ that older 
children tended to explain , natural phenomena in phy^slcal t^rms, while 
younger children tended ,to use nonphysical terms. i . 

The pattern of bindings ^from these 9 studies suggests tM sth-ong 
conclusion that, when achievement is the^^iTUtcome examined, .'older 
students do better in bot^ studies where Instruction is a variable and 
in exploratory^ studllEts. A similar pattern in attltudlnal outcomes 
do^s not emerge. W^lle attitudes do change, their changes "are no^c 
consistently related to age or to^ grade level of students. 

^. * . ' 

In Seven studies found In the 1979 research reports sources, 
.previous experiences were described in' terms of out-of-^chool exper- 
iences (Mali, 193; Denehy, 71), ln-:school learning prior to the study 
, (poranland Ngol, 74; Howe, 1^5; Thomas, 295; Werllng, 326), or more 
.specifically reading .perjoxmance (Fiill-er et al., 100). In six o£ these 
seven studies, previous experiences >ere found to be Important contrib- 
utors to science learning Outcomes, 'in none of^those studies wer-e , * 
attltudinel outcomes studied. Out-of-school experiences may or may not 

useful pred;LcCors of achievement, Wlth'his sam{>ie of elementary 
N^pales^ students, Mali (1^3) found that such experiences as places 
^yisited an(f'gaiQes played wet^e not correlated wlt;h measures of cognitive 
rHevelopment.^ However, in "her study of 140 well and hospitalized 
' studAts','^De&hy (71) found that the experience of hospitalization ■ 
■ was a simlficant (Contributor to students* Hcnowledge of the humaji 
body. 133 third-grade students, ' Fuller et al. (100) fouiid that 

performance ^if^a <:rlterlon achievement measure was closely related 
. to the student'^s re^adlng level. In a. study of a more general nature, 
Ho^e (135) ^ound that sixth graders* success in SCIS was ^rrelated ^ 
^1^'h "their pr^evious SCIS experiences- lii^ earlier grades. Werllng {%Z(y) 
found similar results with fourth and fifth gr^ers* With 260 fifth 
and sixth .graders, Doran and Ngol (74) observed that previous know- 
ledge of specific; science concepts substantially aided students in 
understandWgs related to the part Icle' nature of mat^ter. .Thoi^s ^295), 
in his study with 108 •fourth graders^ nq ted that readers of 'a -higher 
.lev^l dld better on achievement t est s^ that required reading cotnpreheh- 
slon; . ' - * 



Previous experiencVs of students a>pear to be significant factors 
in tmderstanditig their aVhievement to the extent that there is a rela- 
tionship between the substances of the previous experience and the 
Intendc^d instructional outcome^ *^ " ^ / 



, In Whit Ways Are The Outcoifies of Sciencje Learning DifTercnt'for 
Students^ of piRering Aptitude or Abilities? \ ^ . , ; / - 

Nipe research studies include'd in. their desigit student abilitv*^ * ' ^ 

as an independent .variable. ^ In five of these studies the [jurpose^was 
to explore the student*s conceptual understanding as an achievement ^ ' , ' 

dependent variable. Nussbaum (224), in his. sample of 2^8 fourth to^ 
eighth |graders» found that students with higher IQ*s had broader 
conceptjS of -the 'earth. With 35^ sixth-grade students, Wareing (322) 
found t|hat students with higher IQ/s had more positive attitudes 

toward iscience and scientists. In e^cploring the' s^udetits* concept of ' ^ 
causality, Wolfinger, (332) found verbal afbility was" not 5 useful * ' . 
preclictor^f understanding in yoMiigeir students (ag& four and a'half to 
* seven years). With 96 students in gyades"^one; three, five, ^pd seven, ^ 
' Seebe (18) also found that vetbal ability seemed not to be ass^ci^t^d ' . - 
^ with successful Explanations of natural phenpmelfa In the life sctiencea^) - 
tJit'h slkth-itgrade students, /Crocker (58)' found tio evidence that their 
' pref4Tfflce 'for instructional modes was nel'ated to their aptitude. 

Thus, when achievement 'and attitudinal outcomes of elementary ^ 
students , from pre-kindergarten to sixth grade are explored, measures 
, of aptitude ^may or may not b'^ useful predfctoijs of lev»l of achieve-; 
ment. . - ' ' ' ' " ^ ^ 

In the experimental studies in which instruction was one of the 
independent va[riables, the, student *s apt itude was an important factor 
in three of th^ four studies. Burrows and Okey (36) found that high 
mathematica'l aptitude'was closely related to success on criterion 
achievement tests with fourth and fifth graders; v^With fourth graders, > 
Sltkoff (273) found that , underachievers could do quite well on 
criterion achievement tes^s when given instruction that matched their 
ability , levels. In his study with 130 fifth**grade students, Kem0 
(149) found that scholastic ability^ Was closely related to achievement. 
However, Plewes (242) explored the relationship Pf ^act^ievement to ^ 
it^struct^ional grouping (mixed grouping or ability grouping). He found , 
no evidence with li or 12 year-olrf students that the ability level of 
^students was related to their ach^ievement . ^ . . . 

Considering both achievement and attitudinal outcomes of science 
instruction, student ability^ or aptitude appears, to be a^useful 
' indicator of success. In no study did the inTvestigatpr find lowef ^ ^ 

ability students outp^erforoing higher ability students.* , / * ^ 



ERIC 



Jn What Ways Are Che OuCcomes of Science Learning Related Co the 
Students* Environmental Variables Such as Soclo-Ecommlc Background 
and Ethnic Origin? 

In the 1979 research*, socio-economic ^background and ethnic origin 
, of elemerfary school students wa3 described in four studies. ^Inonestudy^ 
Kemp (149) described It as a general Indicator of home Influence. With his 
130 fifth graders, he fiiund it significantly related to their achievementc 
" on a criterion achievement measure. However, in two studies (Nussbaum, 223; 
Mali, 193) where students* background^ were contrasted, n^ evidence was 
found of a relationship between socio-economic background and achlevemenft . 

One major study reported in 1979 by the National Assessment of 
Educational Progress (220) highlights that, at age nine, students*^ 
performance was closely related to their race' with whites^ Hispani/cd, 
and blacks ranked in that order. The variable of race was not found 
described in any other research study in 1979. Thus/ a student*s 
socio-economic background probably needs to be more adequately described 
in terms of the aspects of that background that are more likely expected 
to influence achievement. 

In What Ways Are the Outcomes of Science Learning Related to . 
the Students' Pecsonalogical Variables? 

* In tliree-studiesof elementary school students, cognitive develop- 
"ment was used as a descriptionof Piagetian concrete or formal stages of 
thinking. In three studies with young children (Padilla^ 233; Padilla and 
Smith, 234; Wolf inger,' 332), the cognitive developmental levels of the 
stq^ents were found to be closely associated with achleveifient defined a^s 
understanding of an idea and ability to accurately tise the idea. 

However, in his stpdy of fourth, fifth, and sixth graders, Kishta 
(l58) did not find evidence pf a' relationship between level of cogni-- 
tive development and achievement as measured by a standardized achieve- 
ment test (Iowa Test of Basic~Skills)^ 

■ * 

L€amlng style- in the one .study with elementary students was define 
as the distinct ion between ^he field-independent and f ield*dependent student. 
With 253. si^^th graders, Wareing (322) found no evidence chat thes^ st^f nts* 
attitudes toward science were influenced by their learning styles: 

With too few sttidies of thiis element in the student filtar^on which 
to base a firm conclusion, it yould seem that cognitive dev^opment of 
the student tends to be closely related to. achievement ou^ome^ Chat 
are similar to that of developmentalHevel. 

t * ' - 

Summary 

Students in the eljementary school do learn science and demonstrate 
attitudinal outcomes related tjo^ th^s learning Based on ti^ U5 studies 
reported in 1979 thaX included an element of/the student filtOT>.. it would 
appear Xhat boys and ftiTls show .about the/same achievement and att itudinal 
outcomes, older studetjts or those with^greater^past experience and those 
with hJlgher abiHty will do better than younger, less experienced students 



of lower apclcude. Wlch che excepclon of echnlc origin, environmental 
variables and cognitive developmencal levels seem Co noc be useful pre- " 
diccors of' scudenc science achievemenc or accicudinal ouccomes. 



Tbe Teacher Filter 

Incheceacher filcer, chree elemencs itrthe "orderof ideas" emerge ^ 
froman exaininacion of the order of chings — the research scudies reporCed 
in 1979; In Che science learning contexc, boch a Ceacher^s knowledge- and 
pedagogical skills in planning science inscruccion (^reaccive skills) and 
InCeracclng wlch pupils (inceracclve skills) are expeCCed Co be related cOh 
Che quallcy and quanclty of the outcomes. Itl 1979 nine research studies 
reporced aspeccs of chese chree elasencs ofXcAe ceacher filcer. 

Id What Ways Are the Outcomes of Sclent^ Learning Influenced by 
th^Science Knowledge of the Elementary Teacher? , « ^ 

In a survey of 489 elemencary ceachers in Illinois, Flcch and Fisher 
(95) Vound^ that Ceachers and adminiscrators. believed chac a lack of 
science knowledge was Che greacesc obscacle Co science inscruccion at the 
elemencary ^level* , Simpson (272) reported chac a Ceacher's knowledge was 
dlreccly relaced Co pupils ' desire Co learn and chelr ablllcy Co learn. 
Inasampie of 27 inservlce teachers and .chelr 687 pupils, Bruimnetc (32)^ 
found chac ch& ceacher^s underscandlngof che science concenc oj a l^esson 
and acclcude'coward chat cbncenc were significancly-relaced Co pupil 
achievement and atclcudlnal outcomes. A similarly clear sec, of concla- 
dions, hqwever^, was not; found by<*Hough (133) in her scudy of preseryice 
Ceachers* science knowle^e and process skills. She found no evldence^ 
of a relaclonshtp becween whac preservlce ccrachefs knew and Flow much ^ 
'C^lr pupils learned. Thoman -(294) Invescigaced the relationship beCween 
che general ' science knowledge of flfch-grade Ceachers and che achievje- 
menc gains of their scudencs. He found no evidence that a Ceacher's 
knowledge was ^related Co pupil gains. . [ \ 

From a logical seance, ic would seem £:hac Ceachers should noc be able 
Co teach thac which cheydo not know. From che very llmlced number of 
studies repprted in 1979, cheJaca seem cbVeflect evidence chac says chac 
pupils learn Equally well regardless of che knowledge level of che 
teacher. * The conflict beCween chese cwo conclusions needs careful sCudy. 

in What Ways Are the Outcomes of Science Learning Influenced by the / * 
Science Teachers' Preactive and Interactive Pedagogical SkiUs? 

in het analysis of^che^ causes of decline in science achievemenc, 
Kahle *C146) juafncaine^L chac. the decline is due Co ceachers not using 
che resources chey haye available Co chem. In Burke's (37) survey of 
che curr^c scace bf silence in ifassaqhusects whac resources were 
ayallable Co ceachers Ws, clearly a funcclon of size of the school ^ 
syscW. Teachers in larger school syscems had access Co more 
*lnservice workshops and ideas for how Co plan beccer Inscruccion 
.for chelr studencs. Olson'(22» did find chat Ceachers HanCed ftie 



opportunity Co decide the extent to which they were to be involved in 
curriculum planning and writing projects* In one research study 
reported inM979; tlewes (2A2) found that the teacher's knowledge of, 
arid abllj.ty to work wlth^ Individualized ot mixed group instructio^i 
was sig^nif icantly relat ed to both pupil achievement and attitudinal 
outcomes. ' ' ' > ^ * 

While only two research- studies were found in the 1979 reports 
in which pjeactrive teacher skills were jthe independent variables, . 
Yeany (3351 reported an interesting study in which teacjhers descr^ibed 
what research they wo^ild like to see' giyen a high priority.^ Airiong 
their highest priorities were how teaChers^can influence the cognitive 
development of their pupils and how to plan science instruction in an 

. interdisciplipary mod^with such subjects as reading^ mathematics, 
and social science. » . 

* » ^ ■ ^ 

In only one study was a specific interactive skill o£ a teacher 

, mentioned. SlmpSQn (272). reported a significant relationship 'between 
the teacher's expectation of pupils and the students' attitudes, 
toward learning and ability to learn. Studies ^f the' potential impact 
o£ teachers* interactive skills seems strang^jKabsent in the 1979 
rpports of ^research ,on science in the eleinentargschool. 

. Thus» at the pr^ent tirne^ current research does not provide a 
b^sis forr arisweripg the 'question about how. a science teacher's {Peda- 
gogical skills influence achievfenient and attitudinal outcomes in the 
science learning context. . * ' ^ ^ 

The Inslniction Filter 

A third ^rea contributing to the achievement and attitudinal , , 
outcomes of students is the substance of their scl^ftce learning, 
experiences — the science instruction. In revlewlijg the "order of 
things'* Itf the 1979 science edMcation research reports^ slx^categor^es 
otf "order of IdeasV or elements In this filter ena^ged. -^These arfe^ 
summarized in Table ^. ^ ■ 



In 11 of the studies, <h^ element can be described as content 
by Itself » 1. e. » what ideas now are or ^should be^part of the science 
iearning context of the elementary school years. Four studied added 
to this question of "what ideas?" the dimension of "what ideas wl£h 
what students?"^ One study included the topic of "what Idea&^with 
what teachers?" In 'nine studies, methods or Instructional strate- 
gies were the variables Jbelng examined. Iq el^ht studies both t:he 
substance o£ the- science learning content and the Ic^structlonal 
strategy were^varie^ In 11 studies the con^lex interaction of ^ 
content and; meth9d of cur^riculum plus selected' student variables 
Were combined to ascertain t^h^lr Impact on the expected achievement 
and attitudinal outcomes of Science in the elementary .school. 




Table 2 

Categorization of Research Studies .in the Instruction Filter 
' for Science in the Elementary School Learning Context 



Element * No, of Studies 

Content , 

What Ideas? ' U 

Content +*Student 

What, ideas with what students? 4 

Content + Teacher 

What ideas with what teachers? / 1 

Method ^ i . 

What Instruictional strategies? 9 

Content ^„Met>5d 

What curricula? 8 

Cbntent + Metho^ + Student 

What curricula with what students? * IL 



In What Ways Are the Outcomes of the Science Learntpg Context 
Influenced by the Content of Instruction? 

tKis element is-primaVily observed in two types of studies" in the 
1979 literature — surveys of what now Is and descriptions of how to 
develop curriculum for what should he* In their survey of what now 
(1975^76) Is happening Ip Illinois, Fitch and Fisher (95) found that 
the National Science Foundation developed curricula were reported use<l 
In 19 percent of the schools (Elementary Science Study^ 8 percent; 
Science Curriculum Imp roveilient Study^ 7 percent; and Science — A Process 
Apptoach^ 4 percent), textbooks were used in 46 pei:cent of schools^ and 
35 percent reported no science, instruction. Based' on a sample of about 
2,000 students. Treasure (305) reported that. In Alberta, third graders 
were weak In their knowledge o£ scientific' me^ods. Votaw (316) 
Surveyed the National Science Foundatlon*developed curriculum programs 
for their relative emphasis on envlronmept'ally-related concepts. He 
constructed a weighted score for Science Curriculum Iniprovethent Study, 
28; Science — A Process Approach/25; and' Elementary Science Study^ 6^. 

.30 .'■ 



25 

Klein (159) presented a naturalistic" description of science In communist 
East Germany as a combination of theoretical and practical experiences 
in Industry related to the natural sciences. Science Instruction begins 
m grade five as natural science and In grade six physics Is emphasized* 

The Surveys seem to depict a patt&rp of varied oppor^tunities to 
learn science in the Elementary school. Shymansky and Yore (271) looked 
move closely at one of these opportunities-^r^the textbook* They found 
that ^ in general, science texts show a gradual Increase in reading 
difficulty level but that within a text, t here ^ is a very wide range 
"of reading difficulty not well indicated by the 'average level reported 
for the texts. Chavez (47) investigated the extent to which oppor- 
tunity fo st'udy explicit stereotypes of scientists through animated 
cartoons would Influence students' attitudes and found no evidence of * 
change. 

In contrast to these studies of what"-now-is, five reports described 
what can or 'should be the substance of learning opportunities for 
elementary school students. In these x:urrlculisn development studies, 
four tasks in designing and documenting a curriculum were included; 

1) The establishment of goals, framework, or statement of 
the purpose of the currlculilm— many titTes based on a 
systematic needs assessment; ' ^ 

2) The developm€^f;t of the currlctllum materials which may 
be a selection from other sources or the writing of 

, i new material^; * 

' t 3) The documentation of the Impact of the curriculum which 
Includes describing with what students and teachers and 
in what environment it has b^n found to be successful; 
and, ' 

*' * ' ■ ' 

4) A description of how implemei!^t or use the materials 
1ft new contexl^s — the key task of dissemination. 

In Talil^ 3 a summary is presented of the five curriculum develop- 
ment studies as they relate to these four outcomes. An analysis of 
the table Indicates that a more complete documentation of both the 
evaluation of curriculum and the tasks to be faced in its dlssemlna*^ 
tlQn is needed. 

The extent to which specific science content of the elemantary 
school science context is. influencing student achievement and attl- 
tudlnal outcomes wa^ largely unexplpr^d ^in the 197J r^search.^ 
Evidence that science is, or is not, taught IS presented and evidence 
thar curriculum can be developed is available. But what is needed is 
knowledge about what content will Influence which desired outcomes* 



Table 3 



:Currlculum Development Studied In 197^ for 
Elementary School Science 



Author 



Context 



1 . 
Goals 



-t-Report Decisions—, — ^ — 

2 ' '3 ', 4 

. Material Evaluation < Dissemination 



Butler (38) 
•Moeller (212) 
Layorgna (173) 
Akingbala (4) 
Kahn (152)' 



Program for Gifted Students 
3, 4, 5 ^ ■ 

School Management Curriculum 
Development^. 

Barrier Beach Ecology Curriculum 



Science for Grade 1 Nigeria 
Science Ci^rrlculiim for Paklatan 



Implied' 



X 
X 



X 
X 

? 
? 



X 

? 

I 

? 
? 



s 



Id What Ways Arc the <)ulconii» of the Science Learning Context Influenced 
V an Interaction of Specific Ideas ivitfa Students of IMfferenl t ^ 

Characteristics? ^ ' 1 

In the absence of a base of emplrijcal evidence tliat^pporcs 'a . 
relationship of specific Ideas with outcomes,^ four studied did e^fploVe 
the element of what Ideas wlth^whlch students seem. to produc^ fh^ best 
outcomes. Nussbaum (223X studied the Impact of the Science tTurrlculum 
Improvement Study* s ^'Relati^^it^rHQnlt/ on students of -dlfferltfg lev^s of 
cognitive development*. Iii^hls ^ample of 44 second ''and^^hlrd graders 'he 
found that students who- were ^oser to transitional stages had hlgl^er 
achievement. Wolfinger ^332) studied fouj to^eveh year-old stu'^dents 
and the relationship betve^n teaching them concepts of flotation and 
living things and their levels of cogn^tlv^ 'developinent^ vocabulary 
development^ and gender. She found that treatment group students 
achieved more than' control group students^ and that within the treatment 
group boys did better than, girls and that concrete operat-ion^l ;€tudents 
did" better than the preoperational ones.. When spatial visualization 
was the achievement outcome^ Smith and Lltman (275). found that Ifistruc- 
tlotv helped boys but not gl^ls* ^ ^ . ^ 

To match the content^ of^ science to the stucjent requires another 
conslderatlon~the studjent^s Interests. Sullivan (289) reported ;hat ,^ 
primary grade and intermediate grade students had a common Interest r 
in the human body but had quite dlffereht interests in,, suit h topics ^ 
as living things. . v * ■ . . . - K^ 

* * ■ ' ^ 

The results of currjint rc^search reports^'suggest that» while what 
ideas with whlph students migl^t be a^'productlve area of stud:^^ .In^^ 
1979 it remained an area yet to be explored. ^ 

* • * 

In What Ways Are the Otitcomes of the S^ehce LearningX?oQt|»cl Influenced an 
Interaction of Specific Ideas ^tth. IMfTerent Tenchers? ' / 

Results' from the studies relative to the teacher filter support ^ 
the conclusion that what .teachers know^ls directly related their ^ 
students* achievement.. But, in this- element the^ focus can be mofe' 
specifically on how a ^eaoher rel^^es; to content and the impact^f '-* 
this relationship , on the outcomes of instruction. ,Na Invest^igacprs In, 
1979 directly studied this interaction." Mengel (^07) described aspects 
of curriculum development that teachers wished \i^re -l^cluded^ in that 
development. The^e included" expllc;lt descrl^jf ions of; the tp^a^her^s 
expectations^ the scope and sequence to show how^speclflc instruction ' 
fits lnto-t4»e-total^plcture, explicit deserlptlons'i?f st^^dent outlpomes,. 
materials to match dlff^ent student abilities^ suggestions^ for manage- 
ment of* learn^ng^ -and -teacher inservifee msterialt^.^ .-"C" ' ; . > 

Informal experi^ce suggests that-^iven-^the s^e coqtent^ otitcoi^^s; . 
may vary widely among te;%chers^' Research, is needed In^ this area to^ 
better understand po^sslble caus^es. C ^ -v / 



Ill What Ways Are Che OuCcotlies of the Science Learning Con/exC 
InRjienced by Che Jbstnictional Strategics or^ethi^ds Used? 

If'v^het^ Is. a useful distinction between strategy as a global 
phenomenon and tactic as^ 'a specific event then^ 'in the 1979 research 
reports that deal with Inst^yctlonal methodology/ the range is present; 
Examining the strategist u^lng field exfi^rlences or no t^ using them^ . 
Gross and Plzzlnl (liO) fbund that those students who had field trips 
also showed greater achievement andf positive attitudes, toward the \ 
environment' than did l^hose^cT had Sfily In-class Instruction. Pines 
(240) found that Instructlon'that >as organized in in IndUctlvfe or a 
;deductlve inode seemedt^to Jbe h6^pful,~^ependlng on Jthe concepts to be 
learned.. In studying -second gradfers/ Kruse (164)^ hypothesized that 
formal instruction pn readingl^ln tihe content /areas would result In 
different readings comf^jcehenslon, than would an Infernal emphasis. . No 
evidence' was found to, .'^pport th^s hypotheslls.* 'Xralnor (303) used 75 
students to flnd^Xhat Investigation followed'^y a directed discussion ^ 
''resulted l4.hlgheV achievement than did Investigation followed by 
nondirected discussion. \Davls (66) also fdund that ja> guided discussion- 
^wdsmore effectlve'ln Influencing student ^Achievement ■ than was an 
^^xpo^ltpry textbook. ^ i " - 

\ \ In'these, studies^ the unmehtdoned Varluble that m^ well be 
ac(ibuntlng for; much of Che impact Is, ^hejteachert 'This is also seen 
In^.seyeraX studies' In which ^sp6clflc tacCics are the,, Independent ' 
variables* ' Holllday and Partridge (128)/ p|resented evidence that . 

^ u^ing- pictures -to . heXp^ -Students vlsuaXllcie correct ^examples Influenced 
thcflr achievement.^ In a sample o£ 31 sed^ond*grajde_cXasse^» Billings- 
J(X9) found- that students^ havlng'6nl^>:cbncrete experiences achieved- 
significantly more than.'dJi^d students having botli^ ci&ncrete experiences 

.and verbal labels fof two concepts ClnVeraction\ evidence of inter- 
action). Tobin (2^8) found that the /teacher tactic .of wait-time was. 
slgnlf^tcantly correlated with achleyemptlft. Students In the longer 
walt-Xlme groups achieved^^ore. l^^kess specific tactic, Crocker, 
(58) did not find evlderii^e that Ti^h qfr low teacher control was ^ . 
related to achlevemen^t . % / . — 

* . / ^ ^ - ' , * , ' ^ * 

Some evidence suggests th4t__glot[ai^ str^ategles may be .associated 

with Increased achievement. Iffuch clearer evidence exists In a ^ela- 

■tlonshlp between specific^ tactics atig achievement and dttltudlnal' 

outcomesl ^ *^ 



In What Ways Are the OutCQnies of the Sciffnce Learjting Coflitext Influenced tl^e 
Interaction 1^ SpeciHc Ideas 4nd InstrutUoi^af Strat^i^? \ ^ -r . ~ A 

The comblnatlpn of 6he cont^n^-and^ method df Instruction is. one 
operational deflnltioh of a curriculum, in the eight studies that 
reflect this element^ three described the Impact'^of a curriculum program 
on students achievement. ^and attitudlnal^ outcomes. In four studies^ 
hands^^n Instructional' approach^ ^nd^ip.on^ study a ^sif^ey oj^ biology 
concepts plus methqd of In^t.ructl^n wa^ made^ In this sttidy^^Lucas. ' ' 



(186) found that, at the eleinentax? level; tliere were no common^ 
patterns of biology concepts In six program's Surveyed., SJie dl*d find, 
however, that there was a common" pattern In' the, presentation of tfie 
concepts, with sentence Influence being the most*^ common; graphic 
lJJ,ustratlons, - second^ environmental examples, t^hlrd; demonstrations, 
fourth; and simple statements least frequently used. 

When curriculum piTPgrams were contrasted,' E^ler (92) foimd. In 
his study of 120 thlrd-and fifth graders. Science — A Process Approach 
did not seem to help students remedy, a conununlcatlon^ skills jdefl- ; 
clency. Hofman (124) studied the impact of Science &urrlqilum / 
Improvement Study on eight year-njlds 'and found no evidence? that; 
Instruction wi.th Science Curriculum Improvement Study was related 
to their attitude tox^rd science. In contrast, Haan (112) jfqund that 
a student*s^attltude toward science was related to Selene^ Curriculum 
Improvement Study Instruction. 

A possible reason for the^lnconslstent results may be the ;gloT)al 
or general nature of the Independent variable In these st&dles. It 
m^y be that studies of a specific aspect of aerogram (rather ^han 
tite total program) would result In evidence of rela|:lonsblps betVeen 
the cur^^lculum ^and the outcomes. - , ■ 

m 

* ^ Hands-on Instruction and textbook Instruction both outside and 
within the classroom have been contrasted with a number of alterna-'., 
tlves.- In a study with 284 fourth, fifths an(i sixth graders. Story 
and Brown (285) found a significant chan^^ In student altitude toward 
science when hands-on Instruction was compared with l^extbook. Instruc- 
tion. In the absence of a specific description of the topic and 
substance of these treatments. It Is assum^ that both co^tetit anB 
methodolog3F^Wr^.dlf ferent. Cohen (30) hypi|theslzed' that han<lsr^n 
Instruction wouldtresult- In n^dlflcatlon .of studeots^^^cognltlve 
development. With his sample of 36 flrst,^ third, ^d fifth gr'ade^rs, 
however^ he found no evidence to support this hypothesis. 

Case (43) looked at the effects of an elght-^eek unit on ^ - 
epnrlronniental education on environmental knowledge and attitudes of 
sixth-grade studehts. Treatment group A trecei^ved ^ one-week fi^d 
experience as a patt of the, unit. Treatment group B studl^ the 
elgbt'^eek unit In ^the classroom. Control 'group C. had no environ-* 
mental curriculum activities., Uhen knowledge outcomes -vere iqeasur^^ 
results favored grouj) B. When attltudinal .ch^nges^were ^studied , 
control group C had ^^gnlflcantly higher scores thad did group^A. . 
There was no significant difference between groups p and C on the 
environmental attitude^ Inventory. ' ^ ^ v - , 

Uerling (326) used^^a sample of 120 fourth and fifth graders to 
evaluate the contrasting^ achievement and attltijidinal* outcomes of ' . 
three curricula: a modified hands-on outdoor unit from Outdoor 
Biology Investigations .ln\Sclence, a hands^^n cla^room unit from. * 
Science Curriculum. Improvement Study^ and an In^class lecture. He 
found that all three groups showed similar achievement but. that the 
outdoor grc^up showed the greatest chapge .^t^ ,^tl'tudes ^toward the 
environment. • , 



' .The mixed nature of the^^jresults of ^tfiese studies in '.Che element - 
of conCent/methodplogy may be d function qX* V^ing a global jlndejiendent^^ 
varlafil^ chat it^sielf may/well be^^a complex tombirta'Cib^i of, many separate 
^letnents. ^t the el^ragptary levels even^ within such complexity of 
interactions^ it. would appear t^hat curricular Experiences , that petTnit , 
greater personal InyoK^ement of - t^e^student are I'^ely to result in 
increased achievement and positive ^ttituHtttaL o^tdoQies. 

In What Wkys Are'^he Omtomes of ihrScienee Learnfhg Cbnitexl 
tnflucaKed ti;:t)te Interaction of Sp^dflc C^^ . ' 

Stralegt^andSludenUof/INfreri*]^ ^ . : / 

In'two sttKlies science 'fearritng oiitcomes^were compared for a 
specif ia cu^triculum' (Science Qarriculuia. Improvement .Study) with student' 
cKaracterisDics used as blocking variables* To ansver the question^ 
with what students i's Science |2urr;icult|to Improvement Study^more succes^^* 
ful in influencing attitudes toward ^ie'nce?t Wareitig (322'V compared 
Science Curriculum improvement;^ Study classes^ with non-Science. Curricu* 
lum Improvement Studjr classes. " She found, tijat the most significant^, 
factors that infl^uencr^d attitudinal change were the studfent's ZC]C and 
gender and iiot cognitive style nor instruction in Science Curriculum 
Inproyement Study; In.contrast^ Howe (135) studied the relationship 
j^tween Science Cutr^culum^ ImpioVbm^nt StiAdy X$CIS0 achiev^ement and 
.the following of the SCIS sequence*^ the past; success of students in\. 
S6lS« and stpdent partici|Hation in smaill groups.- She found no evidence 
that the studeifts* ^perience-^^ small group pali^ticipat^ion or in hai^jlng 
participated in SCIS in previous years was related to a criterion Scts 
achlevemetit test. She did find' that .the studeil£s' previous Success 
in SCIS was significantly relatdi ^tb t^ieir acHieyement. ^ ^ 

With younger students (120 first graders) jPadilla and Smith 0234)^ 
^studied the relative impact: of 'two strategies fdj sei^ial ^ordering^ with 
students of differing cognj^tive development. They found, that there wds 
a strategy-Kievelopraental interaction^^^ Vtnn (180) studied contracting* 
settings for iea£ students ^ti3 found- th^t there wa^ no '^videni:e that ' 
deaf students in a resource setting had aphlevepfeot differences from^ 7 
those in ma&streamed setting. '^"She^'did find» liawevet^ that; those in 
the resource setting participated in mote ^student ' activity.^ • Plewes 
(242) also looked at the contrast between students In a mixe4 ability " 
individualized setting or In a single ability group instruct ionalt 
setting, He found that Iowa: ability stydentg did bettet in'the mixed 
individualized instructional settings , 

Sheider et al^ (276) found that older girls gained more ^"ti achieve- 
merft and attitudinal outcomes when t;hey .participate4 in an a^tVonomy \ 
exhibit^ Kemp (1^9) hypothesized that hemi?phe;:.e-orlented/inst,ruction 
wduld have a different Impact depending on the .ba<^k^rpund/of th^ 
student. In contrasting instructio,n of verbal-^nonactiylry oriented 
(left hemisphere) or holistic activity-oriented (i^ight hemisphere) > 
he found no evidence of a relationship of instruction^ student var-ia*- 
bles, and achievement. Fuller ;et al^ (100) compared the differencje In 
jachievement for third-^grade students whose source^o^f inform^ion. wiis a, 



book or^puzzleSf t^^y f^ioind no evidence Of a treatment -i;elated differ^ 
' ence tn^t found ttt^t- High dbll i^T^T. students consistently shpwed' greater \ 
■ ^chleVaaertt. * A simllaV^ fln&lng by Thomas it95)/vas that high achieve- 
ment students ,per'f(/rm^drBa^ei: regardless of ^Ije treatment. With 8A. - 

gourtfe^atul^f Ifth^^r^^d^rSy^Bi^^^^ (36), Fo,und that^a^all. ^ ^ 

' mastery learning 'Ins'truetioVal sfti^ategy- i;esulted In. greater achieve- 
' mentt As they predicted, ^he full mastery model' §roup-also stpwed 
significant 'reduction In vatlance oji^^chleVenterit. Such a strategy 
may'^provlde^'^a key rior helpings solve' remediation problems. Sltkoff 

"^Iso found that, when^Liistructlori .was, designed for the slower 
or reiDedlatiio^ students, they. could learn. ' ' . 

"^o answer the question pf what Ideas taught. In ..what way with 
vhat 'klnd^s of s'tucl^nts Vlll provide ttve best achievement and attl- 
tudinal ou'tcjomes ^eems rather simple and ea«y. Finding an answer 
to this question- Is still a challenge. Do"-^ need to think more 
^ carefully about^ what Ideas with What 'metbods and vlth what students 
*will Influence what the stu'i^enfcs-'do while Xn thevlnstructlonal 
^context? Jt may be that the Jcey Is ndt a^ relationship between the 
^^Instructional filter and achievement' and attltudlnal Outcomes, but 
In areas unreported In 1979 research! , relet Hornsjhilps between the . 
instrurtlobal flltet and*student behdvlot In the learning context. 



Sttiiuiiary' - ' *o . ' ' 

j \^^n the 100 studies In whlch'the -science learning outcomes of 
elemen^ry schbol students .ware "studied, varifatlons ;ln ^Hese out- 
comes were. found to. be described <in terms of the elements^of these 
\f liters. , ' V ' V ' ^ ^ 

* ^ r . . *™ 

The St)6d,ent Filter (n - 45''studl«s) '^^ C^', . 

^Glender ^ v. -no consistent- differences- found 

/Ability/Aptitude - hlgtver ablftty/students do better 



/ 



than do lom^ablllty students 



C. ' Previous Ex^rl^nce , ^ older students do better th^-do 

younger students 

D. ' Environmental Variables - ethnic origin is a significant . 

oOQtrlbutor to a^ademl^ achleVe- 
— - ment x . . ' 

E. PersonalQglcal Variables - - too few studies to establish a 

pattern of results 



.The Teacher Filter <n - 11 studies) ^ ' * 

f \ , ^ 

A* Teacher Knowledge ' , - no flnddngs*to Indicate teachers' 
' * * knowledge melees a difference on 

- - ' " achievement 

Teachc^r'' Pedagogical Skills too few studies to establldrh a 
. \a ' pattern of results \ 



The Instruction Filter ('n »'4AVtudle&) 

A* ttontent . , ' - an unexjilored area 

Method . ^ * ^obal method's cxr ^treat;pients are 

correi^l^ed with' achievement — 
* especially if they enhance higher 
' , perBonal Involvement of students 



SEARCHING THE SCIENCE LEARNING CdNTEXT OF THE EMERGING 
ADOLESCENT f 

That^emerglng adolescent Is a complex matrix of dynamic physical and 
mental changes. The uneven spurt-llke quality of these changes can be 

' confusing to^ the ^student ,and to the teacher. It Is within this content 
of a personal need to be acclimated to a new self that the student meets 
with systematic science Instruction; For. many this their first 
formal science cld^sroom experience.^ In this section the research 
studies' In science education related to this perplexing and challenging 
learning context are described In terms of how the student filter, the « 
teaching filter, and the Instructional filter Ititfluence science learning 

* outcome^# . . ' ' < ^ 

, ' ' ' * » ' v 

The Student Filter / 

In 1979, 64 research studies reported -elements of ^the student 
filter In their ^^'slgn. ^The elements^ related to students wer(| grouped^ 
in five categoric]^: gender, ablllfjf/^ptltude, age/previous experlen^fe, 
environmental, and personaloglcal. ^ In Table 4 a survey of the findings 
related to the student filler Is given. ^ Clearly a high concern ot know- 
ing more about students In th$ middle/junior high school science learn* 
Ing, context Is reflected In the 1979 studies. ^\ . 1 



in^What Way Arc the Outcomes in Scfencf Learntng ^fferent 
/for Boys Than for G^rls^ . . " ^ 



' 'The. extent to which boys' and_girls- attitudl^ial outtometf^'are 
. ^ similar for seventh, eig,hth> andininth graders was ex^lned ih^four 
.studies,. 'With a sample of 99^ junior' high school *8ttidents lU'lWrael, ' 
. ^ I^sardwits and Lasarbwits (176-) found ^significant dlf ferehces between^ 
/ boys 'an(t girls on t;opics oi Inter^st^ Experi^c^ also confirms' tbaTt 
all students. do not welcome new science topics with equal^enthuslasm. 
D*Annucc\ (63) also reported, with a sample! of 505 grade T^*12^^tjidWits^^ 
^ significaiit differences between boys* aqd girls' attitudes touSrd^4 

«t ^ science ancl science teacheri as measured ^ a semantic differential 
' instrument. \ In his ^study involvinjg 149 -Seventh, eighth^ and ninth 
grddefs,^' Vinetlki et 4I* (315) fjOifrid girls tended to be puch more . ^ 
depe^ent on teachers than ^dld poys^ .K6weve^i ALalmo (5) cjid not- 
find a gender^r^ated difference in the value preferences of environ- 
mental problemaC ^^pased 9n this group of four reported studl.es, science 
. _ teachers can ^pect attitudlnal outcomes for boys differ from those 
^ for girls. 

^Achi^ement -related outcomes v^re examined In nine stutHes. In 
! three ofV these ""studies t}ie achievement outcomes were measurejd by a 
^criterion achievement test )>a8e%on tlie Intermediate Science Cufrlcu-* 
lum Study program. HcDuf fie *(201> studied 769 ninth graders and' 
' , - . Stoiper (284) studied 129 ninth grader^. Both found no gender-related* 
differences* However, Young *(339), tn her sample ot '300 ninth graders , 
.found girls had higher achievement *than boys InTISCS. 
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Table 

Research Studies Related to the Student Filter ^in the Middle/Junior High School 

Science Learning Context ^ 



Element 



No. of 
' Studies 



kelated to ^ < Related to^ 



Achievement Outcomes 



Attltudinal Outcomes 
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Gender 
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'Environmental Variables 
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Another measure of achievement ^^as standardized tests. In a study 
of seve^thj^elghth, and ninth graders, Hayes (120) found no achievement 
difference between boys and girls. Davids and Fowler (65) also found 
no differences, as was also true In a study of 113 eighth graders by 
Evans (93). Using locally developed measures, LaHart (16d)^tudleU 
the knowledge of the environment of 1,300 eighth graders. He found 
boys scored significantly higher than girls. Using 1,635 Tasmahlan 
junior high school students, Lynch^et al. (^89) also found that boys 
performed better than girls on a t^st of definitions of science terms. 
But irv contrast^ £golf*(88) used 525 seventh and eighth graders to 
determine that t)iere was no^vldence of a gender *rela ted difference in 
solving word problems In science. The National Assessment project (220) 
reported that age 13 boys outperformed girls on all Items and categories 
except on t ho se\ quest-Ions that dealt with scientific decision making. 
Gtrlii did atgni^f icantly b«tt«r than boys on those queftttons. - 

Thus« In terms of achievement outcomes from science learning, the 
results present a very mixed picture. Natural Assessment data vould * 
seem. to Indicate that In most any^sclence learplng context, on6 should 
expect to find boys outpc^rf ormlng girls. In the 1979 reports this 
achievement pattern just does not occur. The reason for this apparent 
contradiction Is unclear. 

-An additional aspect of outcomes 'of schoollnig Is the hypothesis 
that Indtructlon does Indeed influence student cognitive development" 
and that this Influence may not be exactly similar Ih both boys and 
girls. In a sttJdy^of six Intact classes of ninth graders. Brown (29) ^ 
found boys did better than girls In the ability to use proportionality 
coqcept^s. But, In his study with 300 seventh, eighth, and ninth 
graders, Hayes (120) found no. difference In proposltlonal reasoning 
betweep boys and glfls. 



' ^ Knowing d(^tudent*s gender does not seem to serve as an. unfailing 
/^"V^^*"Ctor of success In the middle/junior high school science learning . 
Context . ^ " ^ & i\ 

111 What Ways Are the Outcomes of Science Uirniog DifTerent fSr Stude Different 
Aptttuclet or Ability? " ' 



.At- the outset of 'a school year, most teacheirs would expect the 
science achievement of high ability stAidents to be better- than that 
of lower ability students. OuX of the 13 studies In which i^n ability/ 
aptitude level was examined, .this expectation was conflrtned In nine 
studies. In one of these stUdles, Griff lii' (109)* found that higher 
ability students had much more .positive attitudes towaird science than 
'^Id middle or lower aptitude Qtudents. . 



In ten studies achievement ^as measured by a criterion a^chl^ve- 
'j0ent t^st. In six of these studies, the Test was designed to meas^jre 
the outcomes of Intermediate ^Scl^ce Curriculum Study. Id a study ^ ' 
of 769. nlntlwgraders, HcDuffle .(201) foupd .that high vert>al and quant 1* 
tatlve SCAT performers did significantly fetter In Intermediate Science 
Curt^lculum Study. - Similar j:esul,t8 were also reported In another study 
by McDuffle (202) with a sample of seventh^ eighth^ and nlntti- graders. 
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Mben aptitudes were defined as reading perTormance^ Greene and 
Szabo (108) found chatr» In 114 ninth graders; high aptitude was 
related to high achievement. A stollar finding Howe and. Early 
(134) ^^uppoxts an Important relationship between reading ability 
and success In Intermediate Science Curriculum Study^ A third study 
^Ich confirms this conclusion, Involve'd 129 ninth graders. Stolper 
(264) found % high correlation between reading ability and scholastic 
ability (as indicated by DAT) to success in Intermediate Science 
Curriculum Study. Hoyever, Hagenbuch (113) did not find this relation- 
sl\ip between IQ as an aptitude indicator and Intermediate Science 
Curriculum Study achievement.' 

#. ' ' • 

This set of studies ^ulil strongly suggest that aptltude^is si 
strong predictor of success in the Intermediate Science Curriculum 
Study program. . * > 

In four other studies^ crlt;erlon achievement tests were used. 
With IQ as. the Indicator of aptitude^ Evans (9^) found no evidence 
of a relationship between aptitude and' achleventent w^lth 113 eighth 
graders. Young (339) alsd' used IQ and critical tlilnklng a^lndlcators 
of ability and found a significant correlation between t^hem^and- 
achievement. In his study ot 1,635 junior/senior hl^ s^tjool students^ 
^ynch et al. X189) 'fou^d JQ to be the strongest predictor 6f success 
'^fh recognizing def Inltlq^s ot science terms. However; Bowyer (27) 
used SRA stores as mifasures of ability with 193 seventh graders and 
found no evidence, of an afalllty'*achlevement relationship. When Amlen 
(7)"^u6ed over- "^nd undet:-achlevers ad an Independent variable^ he also 
found no relationship between this as an Indicator of ability and 
student achievement. . 

In general, the 13 studies would ^ggest that, students of higher 
ablllty^^or'aptltude tend to do significantly better' on measures of 
acJL^ncc^, achievement than do students of lower ability or aptitude. 

.In Witt Wtys Arc (he Outcomes of Sclencj^ learning DtfTcrcnt 
for Students nf Contrasting Ages^r Previous Experience? „ 

Studies in this group tended to- contrast students*' grade level as 
anv Indlcator^of , ^helr age oryrelated previous experience*. In three 
studies. Dip evidence was found to support a relatlonshl'^ between a 
student*s grade level (seventh, eighth, ^nd ninth) and an achievement 
measure such'as a test of science knowledge (Davles and Fowler, 65) or 
^ crltferlon achievement .jnMsure, (Stolper; 284; LaHart, 169). However, 
in eight studies, oldet^^udents were found to do better , on a variety 
of achievement measures. ' In- a sample of 1,635 seventh to twelfth 
graders. Lynch et ^1. Xl89) found that older students did better in 
their recognltloji of d'eflnltipns of science. ' McDuf f le-(201) found 
eighth graders did bette^tban seventh graders on a criterion achieve- 
ment measure^ln the Interjiildiate Sdleiice Gurricolym S^udy material, 
Egolt (88) observed that -eighth graders dl^ better than seventh graders 
In solving' word problems inx4ci^nce. tn a study of ^venth, eighth, 
and iilnth graders, Hayed>X120) found n^nth graders did better on th^ 
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STEP test. Bas^ on his sample of 108 eighth, tenth, and twelfth 
graders^ Treagust (304) concluded that older students did better In 
spatial visualization tasks than did younger ones. King (154) also 
found that ninth graders did better than eighth, graders on a criterion 
achlftv^ent test on knowledge of the environment. The NAEP study (220) 
also found significant differences between seventh and eighth graders 
(13 year-old students). ^ 

The pattern of results observed In these studies suggests that 
the longer students are In school, ^th^ better they may be expected ^ 
to do on Achievement measures. 

Attltudlnal outcomes have been examined In four studies as they 
relate to^mlddle/junlot high students. Vfhlle Davles and Fowler (65) 
^Id not find students In grades seven, eight, and Tilne showing differ- 
ences In attltufjes towar^d science,- Lazarowltz and Lazarowltz (176) did 
find that students of these girade levels had pronounced differences In 
preferences for science topics. In\hls sample of 1,300 students from 
urban and rural backgrounds, LaHart (169) found an attltudlnal pattern 
that closely paralleled the previous home experiences of the student. 
In his study of 6l5 students In grades seven to twelve, Alalmo (5) 
found, that younger students had more positive value preferences than 
had older students. 

■ f> 

While grade level as an Indicator of previous experience Is a 
'useful predictor of achievement, It'doeg not appear to be a useful 
Indicator of student attltudlnal outcomes^ 



In What Ways Art the Outcimics of Science LearntngRelateiljo the 
Sllilleolt' Enviroiimeiit Variat^cs Such as Sodo-Ecoiioaiic and Etbojc 
Origin? ' 

Parent baclcground^' Urban/rural bQme^locatlon, social mobility,' and 
race are exi^ples of Indicators of this element of socio-economic ' 
environmental variables that could be expected to Influence student 
achievement -> In the six studies which Included this variable, race ^ 
was the specific Indicator In five studles-^nd In four of the five 
studies. It -was found to be significantly related to achievement. 
LaHart (169) studied 1,300 eighth, graders and found that race, parent 
background and ui^an/rural home location were significant predictors 
of success On a crlterlon^achlevement te^t on ecological knowle^dge. 
Saunders and Yeany (2^0) In their study of three seventh-grade classes 
found white students did significantly better than blacks on a crl* 
terlon achievement test, koweyer, Stolper (284) did not find this true 
^n his study of 129 ninth gVaders given ^ criterion achievement measure 
/In ISCS. Ashraffl (9) studied 137 Junior high school Persian and 
American students and fqund a significant difference In Information 
recall. In the National Assessment (220) results'wlth 13 year*olds. 
whites did significantly better than Hlspanlcs who In turn did better 
than blacks. In one sti^dy^ social mobility was used as the Indlcator^ 
of this, element. Lynch et a^r (189) found thad In a sample of more 
than 1^500 Tasinanlans social mobility was clqsely related to success 
In recognizing science concept definitions^; 
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In the Halted number of studies which Included aspects of the 
environmental element as Independent variables, the outcomes clearly 
suggest t'hat this element should receive very high consideration* 
The extent ta which these results are descriptors of what now Is or 
are^'^escrlptors of limits of what can be represents an urgent, and to 
a large extent unresearch^d, question* 

In What W«y$ Arc the Outcomes of Science Learning Related to 
Pkrsonalogical Varbbles? 

In the studies of middle/junior high school students, six des- 
cribed the stages of student cognitive development as a variable 
thought to Influence achlejf^ment . In five of the six studies, evldenc 
was found to support thli^ssumptlon. In a study of 112 junior/senior 
high school students, Lowell (183) found that formal thinkers did 
better than concrete thinkers on a test on classification. Howe and 
Early (134) found similar results when they use^d a criterion achieve- 
ment test In Intermediate Science Curriculum Study classes. Using 
the STEP test as the achievement Indicator, kayes (120) also £ound 
.formal thinkers did better than concrete thinkers. In contrast, 
however, Scolper (284) xild not find evidence to support a relationship 
between level of cognitive development and achievement In Intermediate 
Science Curriculum Study. When cognitive development was described as 
ability to do prepositional thinking, McBrlde and Chlappetta (200) 
found significant correlations between It and a criterion achievement 
test on simple machines and structure of matter. . With a.jsample^of six 
intact classes. Brown (29)^found a relationship betwecp conservers and 
nonconservers and their ability to reason proportionally. 

Based on these six studies, a trend emerges that suggests that 
knowing a student^s present level of cognitive development Is helpful 
In predicting success In the ^clence learning .context. 

In two studies In which aspects of the student*s learning style 
were described, Saunders dnd Yeany (260), with three seventh-^grade 
classes, found that ''Internal** students did better on a criterion 
achievement test than did '^external** students. With his sample of 71 
students, Itagenbuch (113) found that the part/whole dimension learn- 
ing style was associated with success on an achievement test of * 
science process skills* 

The two studies are Interesting but^provlde a rather Ittflted 
basis In a search for a relationship between learning styles of 
students and their achievement. 

' / 

Other personalogical variables .^^uch as motivation, flexibility^ 
work St jle, attitude, self-^esteem, or. self -^perception have' been 
examined In six studies of mlddle/j^unlor high school students. In 
the ^hree studies In which Mudent attitude was used as a predictor 
of achievement, a significant relationship was found. Studends with 
positive attitudes do better (McDuffle, 201, 202; Hagenbuch, 113)* 



A similar pattern for other personaloglcal variables did not appear. 
*Young (339) fopnd that neither student self-esteem nor preference for 
.instructional method ^was related to achievement In Intermediate Science 
Curriculum Study. However, In two studies McDuffle (201, .202) found 
that student work style was significantly related to achievement In 
Intennedlace Science Culrrlculum Study. * Alaimo (5) studied 615 seventh 
to twelfth graders and found that their self perceptions were related 
to their preferences In solving environmental problems. But, In. his ' 
study of thre^- seveifth-gradj^ classes, Amlan (7) found no evidence of 
a relationship between personality measures and achievement In geology. 

It may be that the Impact of variables In this element of the 
student filler are better observed in the Instructional context rather 
than In the outcomes of Instruction. Since the results do not support 
_a strong relationship between personality characteristics and achieve- 
ment. It may be that looking for relationships between the students* 
personaloglcal variables and 'their behavior in the Instructional 
context Is a more useful area of research. 

Summary 

\ it * * * ' 

'Eqierglng adolescents learn science and demonstrate positive ^ttl* 

tudes toward their learning. Eased on the 64 I979 research studies 
that Included an element of the student filter. It would appear boys 
and girls do not consistently show differences In their achievement; 
students with higher aptitude do better than those with lower aptitude; 
the longer student^ have been In school, the better they will do In 
achievement outcomes although a similar, pattern for attltudinal out* - 
comOs was not found; environmental variables such as home background 
and ethnic origin appear to be significant contributors to outcomes 
of the science learning context; variations in personaloglcal variables 
such as cognitive development level, learning style, motivation, and 
attitudes show significant correlations with achievement and attltudi- 
nal outcomes. The extent to whi£h some of the elements of the student 
filter are limiting factors on science learning or are factors tha^t 
themselves can be changed is a. challenge that must be marked for 
continued study. 

Thf Teacher Filter 

In the three research studies reported in 1979 that included 
elements of the teacher filter, each one reported significant differ- 
ences between the teacher element and^student achievement. .With 172 
pupils, Horton (132) found that teacher knowledge i/as directly related 
to how much the students learned in Intermediate Science Curriculum 
Study. He also found that the degree of commitment a teacher had to 
the philosophical orientation of Intermediate Science Curriculum Study 
was signff icantl^y cprrelated to pupil achievement. McDuffle (201), ' 
in his study of 769 seventh and eighth graders, found a significant 
correlation betv^en what; teachers expected students to achieve and' 



student perComtance on a criterion achlevec^ent test. The Inference 
can be drawn that if a teacher believes a, atudent can be successful — 
the student usually will be. . Spe^^e ^2^7) reported on factors that 
students said Influenced them to participate In science fairs. A 
significant factor was their belief that thcf teacheris thought It was 
a desirable thing »to do.' :^ , 

That teachers Influence thelr^ pupils Is a widely accepted truism. 
How specific elaatftits of the teafcher filter facllltate^hls Influence 
Is an,uilexplored area o^ research In the 197^ studies. \ 

- f ^ 

The Instruction filter 

In this ^hlrd filter* there are two elements that are Identifiable 
as sources of variation In student achievement or attltudlnal outcomes 
In the science learning context.- These elements are the content of 
Instruction and the strategies or methods of instruction plus the 
interactions between these elements and elements of the student and 
teacher filters. A sumntary of the 22 studies for these elements and 
their Interactions Is presented In Table 5. 
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Categorization of Studies In the Instruction Filter 



Element s 



T 



No. of Studies 



Content 

What Ideas?^ ' 
Content + Student 

What Ideas with /^hat students? 
Content + Teacher / 

What Ideas wl^f^h what teachers^ 



\ 1 



Methods 

What Instructional strategies?' 



/ 



Content + Method 

What ci^rrlcul^? 

Content + Method + Student 

What curricula with what students? 



4 



4 4, \C 




In Whst Ways Are the t)vlcpmef of the Science Learning Context 
Influenced by the' Content of Instruction? 

In three of the studies reported In 1979^ surveys of sD^eclflc 
silence concepts describe what students need to know. Xrea^re (305) 
reported that eighth graders In Alberta were weak In earthr science. 
/^Jorgensen*« (144) study described what concepts In outdoor education 
should be Included In the junior hlgh'school. Schlenkel/ and Cronw^ll 
(263) describe what concepts in marine education shouM be taught. 
These studies were attempts to ascertain which Ideas should be Included 
in science Instrtictlon based on surv^s and opinion Consensus. ^ 

A second approach to deciding the content of instruction Is to 
secure empirical evidence that the content makes ^a difference In' student 
achievement. Russell (2S6) studied the ^pact of specific Instruction 
with a problem solving mod €1 on the problem solving behavior and 
critical thinking of 287 eighth graders. He &ound^that Instruction 
produced sigi^lf Icantly better achievement thf^ the use of a conven- 
tional textbook in comparison classes. Egolr (88) also found that 
treatment and control groups were slgnlf Ic/ntly dlff&ent In their 
problem solving behavior when given specific Instructions In solving 
vord problems. In her study with six classes of ninth, graders. Brown 
(29)' found that teaching students proportloiml reasoning resulted In 
differences iit achievement. 

Clearly^ the evidence suggests/^hat Instruction In specific 
content may be expected to result ^ increased criterion achieve* 
ment performance. 
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111 What W«ys Are the Outcomes < 
iDtcractioni of SpecUlc Content an^ 
Context 



:ien€e Learning Influenced by 
Students fn the Instructional 



McMillan and May (206) reported the only study of this elem^t. 
* They interviewed 53 seventh* eighth^ and ninth Iraders to find out 
what factors the studeofts thought Influenced thS^T attitudes toward 
science. In gene^aly4>oys said they liked scl^e more If the 
content was useful. /Girls seemed to say they would like science 
anyway. 

Student Int/rest In the content seems to be an important area 
. for research 6t^dy — but the reports of 1979 suggest that during that 
year It was l^gjely unexplored. ^ ~^ 



In What Wvs Are the Outcomes of ScieAce Learning Influenced by 
an Ihteracllon of Specific Content, and Different Teachers? 

studies were foundi^n the 1979 research reports In which' the 
reseatf'cher exploded how teachers may be Interacting with science 
concept or curricula. Informal experience would suggest that this 
^-"^IntTeractlon has the potential of explaining a large amount of variance 
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In student outcomes. Empirical evidence Is needed to help understand ^ 
what element^ of the teacher filter 'may. be Interacting with the Instfuc 
tioifi filter to produce differences In student behavior and outcomes. 



Ill Wtiat Ways Arc the Outcomes of Science Learning Infltkenced by 
the Instructional Strategics or Methods Used? 

instructional strategies described In the four studies of this 
element were the use of advance organizers, graphs, and simulations. 
Sherbo (267) compared the use of advance- organizers with not using 
them and found no^ evidence that their use was related to student 
achievement. Batty (15) did a similar study with 95 eighth graders ^ 
with similar results on a criterion achievement test on oceanography. 
Dunlop (81) compared the use of an energy simulator with conventional l 
Instruction. He found that students in the treatment group and their 
teachers had significantly more positive attitudes toward energy than 
had the comp§rlson groups. With a sample of 265 seventh graderl. 
Roller (252) contrasted the Instructional strategy of Integrating 
graphs ln,the text with having them Isolated from the text. She 
found that students whb had the isolated graphs did significantly ^ 
better in^ reading and Interpreting graphs*^ ^ 

The four studies related to aspects of this 'element are encourag- 
ing. They provide explicit empirical evidence s^ to the usefulness of 
specific Instructional strategies. Thls^.ls In contrast to many 
'iHethod A" versus 'Method B" studies in i4ilch the method Itself Is io 
global that It Is nearly Impossible to describe deflnl^te patterns In 
student outcomes. ' \' 



In What Ways Art the Outcomes of Science Learning: Influenced by the 
Intoraction^^Specific Content and Instructional Strategies? ' 

In a more general, sense, the content and strategies of Instruction 
can be defined as the science curriculum* Two studies reported looking 
at aspects of this element* pavles and Fowler (65)* compared student 
achievement and^ attltudlnal outcomes wRere students had the option of 
a set of elective minor, courses or .the textbook. They found, no ^ 
differences In either achievement or attitude. King (15^4), however, 
compared the Influence of both the content, and strategy of using' field 
experiences* In one treatment group they had field .trips before cla^s 
Instruction! A second treatment group had class Instruction, before the 
field trip. A third ^^oup had the class Instruction only and the 
fourth group of the 618 eighth graders had the field trip. King found 
that students who had^he field trip then class Instruct Ion ^acHieved - 
the mosty followed by students who had class In^tjructloiTand £hen the ^ 
field trip, and last* students who had the field- trip onlyl These 
three groups, all did significantly better on the criterion achievement 
test of environmental knowledge than did the In-class Instruction only 
group. ' ^ . X 

When the total curriculum Is the Independent variable,- It . Is * * 
possible to find significant differences In ^he"outcome measures. 



The pover of the treatment im^st , be, tremendous for.lt to surface through 
all the other variables that may be mixing below the 61>servatlon level 
of the researchers. - ^' 

lit What Ways Are the Outcomes of ^ience Learning Influenced by the 
lotcrictton of Specific Content, Instructional Strategies and Students ^ 
of-Diflierlng Cbaracteristi;^? ' ' 

* * * * » *^ , "'^ J ' 

111 the T^lne studies that provide data for this element, there is 
a range'of' magnitude in the independent variables th<|ught to influence 
^Instructional outcomes from a contrast of . a total curriculum paclcage to 
tontrasta in teachtiQg style to contrasts in spec£fic order of instruc* 
tion in a lesson. ^ ^ ^ ^ 

* • ' ' ' :* ^ ^ , , * ■ * . / 

^ .If^ing a larger time format ^^^Milson (210) studied the impact of ^ f 
handsron currlcul\^ as cpmpared •witli ^''read^-about^" ,sQience instructidri 
vith s±3( classes of beXov^level. reading students.'^ lAp> fouVid that*th& 
hands-on approach resulted In significantly bettjer attitudes tovard 
sc;lence. ^Hagenbuch (113) contrasted the student oUtcoihefp' of sclente 
process skills and attitude^ qf 71 sti^dents^ln clashes of Introducjtory 
Physibal Science and ^Intermediate Science Curriculum Study*. He found 
slgtfificant.differences between the.^classes to be related student 
aptitude and ,cognitIue style. When Greene and Szabo (l08)\d«veloped a 
.modified 'reading level of Jntermediate Science Curriculum Study, ^hey 
fpund-that students of-dl£ferent abilities 'in the treatment group did'^ 
not seem to bet^efit from the modified jreading materials'Wsed o^ a 
criteriori'j&ichlevement te^t in Intermediate Seieniie Curriculum Studlf. 

'^ien*0) contrasted ^the impact ^f a/modular^'studerit-ce^tered 
cu,rricUlum with a' cortventioiuil 'te'acher**cent«l:ed cuVriculum. When th^ 
results Qf ttie achievement and Attitudes 6f^ th^ students were analyzed, 
no .Widenc;^e 'was> found that student 'aptitude^.and personality variables 
or .Instructional tr^tments.were ^ass&ciated'^'with the outcomes. - 
'Cri|fin (109) situdled the order of instruction: using a visit to a ; 
planetarium before class ^-instruction or .using it as a r^iew after . 
clas^ instruction, ije found that high ikchievlng students* attitudinal 
'Outc9Bies..tanded''jto decline after planetatlum visits. With a sample of 
Ili, Evans\93) ""e^'trasted Tit>tb4.the order of science presentations 
(demonstration then ^t))eory^or theory ^henVe|Bonstratlon) and the degree 
'of unexpectedness in the ervent (expected surprising) with students 
of .vaf^';tn'iVlQ«' sciehc^ achievement an4 gender, 'ile foynd-no evidence to 
'support 'that either order or degree of ' unexpectedness and student 
characteristics influenced avhievementT ^Bowy^r (27) hypothesized that^ 
the^type of advance organizer (verbal or visual) would interact .in 
different vays vith' students of contrasting ability. No difference in 
a criterion' achievement "^test Wfere found* Saunders and Yeany (260) used 
three classes of junior high school students to st^jdy the impact of 
instruction in which one group received diagnostic tests and reme(lia- 
tion» a second group reviewed the diagnostic test only and the third 
comparison group had the 'instructional obje<As. They found that the 
diagnostic test and remediation group had significantly greater achieve 
ment on a\criterion test. They also found that the learning style of 
studenic^ ai^d ethnic origin were significantly related to the outcomes. 
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^'Internal" white students did better In this Instructional mode than did 
blacks or those with an '^external" learning style. Vlnelll (315) also 
found that the mode of Instruction (teacher control or student control) 
was related to a dependent variable— lEhe degree of dependency on the 
- teaeher that students exhibited. 



Refle<^tlng on these studies^ th^ evidence Is weak at best that 
content ar[d Instructional strategies have different Influences on 
^tudents of different characteristics. Tvo factors may ^e confusing 
the research. Firsts the Independent variables may be too global or 
.too unspeclflc for us to precisely Identify what treatment and effect 
may be expected. Second^ It may be that the direct observation of 
Impact Is more productively made of what students do In the classroom 
Vather than of terminal outcomes. If what students do while learning 
is linked to what Is learned (an unexplored area In the 1979 reports 
of science e^u^atlon research), then studies On how to use the 
; science curriculum to modify wt^t students do are essential. 



Summary ^ ^ \^ 

Iif the 89 studies In which the science learning outcomes of the 
emerging adolescent were studied^ variations In.th^se outcome's were 
found to be described in terms of the elements of these filters. 



The Student Filter ^(^1* 64 studies) 

A. Gender ^ " * no conalAtent-^ differences .found 



Ablllty/Aptltude 



- higher ability students do better 
than lower ability students 



C. Previous Experience 



D. Environmental Variables 



- the longer students aire In school, 
the higher their achievement 

-ethnic origin and home background 
/ are clearly associated with 
achievement outcomes 



E. Persona I pg leal Variables 



formal thinking students d6 better 
than concrete level 'students; too 
few studied Involving learning 
style and motivation were reported 
to ascertain a trend 



The Teacher^ Filter (n • 3 studws) 



A. Teacher Knowledge 



B. Teacher Pedagogical/ Skills - 



too few studies to establish a 
pattern - 

too few studies to establish a 
pat fern 
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The Instructor Filter (n 



-22 studies) 



Content 



^/^Instruction in "specific content 
Increases, achievement 



B.' Method 



- some instructional tactics are 
^ , related to achievement and attlr 
tudinal Outcomes , 



1/ 
* 



S^RCHING THE SCIENCE LEARNING CONTEXT OF THE ADOLESCENT 

, High Bchool-"»the place for serious preparatloa for college days 
or thfe termlnall sclioollng. for the stu^ent**llltistrates an Immense 

^ challenge. Shoulil the context be directed toward providing an 
acadetttc foundation Cor college students or a vocational emphasis for 

■ students who view High school graduation as completion of schooling? 

Iti this section, the research studies will shbw new -evidence that 
the final vbrd Is yet to^^be; pronou^iced as to what can or should be the' 
oytcon^s an^ most useful lnteractlohs~^ln t^ls context. ^ 

TN Student Ftltcf 

I(f fhe science education research reported In 1979, ther^were ' 
^75 studies that lncld4ed elemegt^ ^f the student filter. These ele- 
ments have been grouper^ Into tiye categories — gend^i:^ ability/ , 
aptitude, age/{itrevlous\experlence^ envli^onmental, and personalog4cal . ^ 
' — In-^able-6- a 8u r v ^ey't)f-'ther€tndlTigs";l.'S" given;" 



hk What Ways Are the Oulcodics $deiice Learntng DtfTercDl 
For. Boys Than Fo^il^Is? ^ ; | A ^ 

The. difference between girls' and boys^ achievement In science 
was examined in ten studies reported ^In 1979. Iri seven of these 

^ studles^no ^differences were found. With the 25 students In his 
sample^ Slitt (283) found no' et^ldeni^e of 'a gender -related difference 
on a criterion achievement test.- Stephenson (282) at^dled ^86 li^lgh ' 
School chemistry students and found ^oys illd ,as weil^' as iglrls on a^ 
criterion achievement test. McGahan*s (203) results 'yl|h 10^ jchemistry 

, students were similar. Cohen looked' ^at the probii^-solvlng of 223 

/lilgh 'school students and found no gender differences in t$^i^ perfor- 
mance. J^lth a sample of 60 twelfth graders, Btpwn and^Butts (3p) f6und 
that bo9 well as girls on a criterion achievement test In human, 

physlolog)/ In his sample of 34 secon<|ary students^ Wormack (333) 
found boys* and girls* performance similar on the ST^ test."^' With ^ 

J.29 tenth graders In Jordan^ Klshta (158) found that the cognitive 
development of boys was similar to that of girls ^n his study. 

A . In contrast this trend of no gender-^related differences, how- ^ 
' ever^ Jimenez and Rosendo (140) found that boys did better than girls 

on a criterion achlevemetit test In physics and on the Wisconsin ,^ 

Inventory of Science Process. The National Assessment (220) results 
, for l7 yearH>xds clearly stiowed boys doing .better ^ha#^lr Is In eyery 
>rea except declslon^nfaklng — an area of excellence fo|r Jthe ^lrl6. , * 

Thompson's (296) results show that British ,£lrls differed fromXboys - 

on their physleSx examlnaltlon performance.^ ( 

^ J 4. . 
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Table 6 ■ 

Research Studies Related to the Student Filter on the High SoKool Science 

Learning Context 



Element 



No. of 
Studies 



Related, to 
Achievement Outcomes 



Findings 



Related ttf 
Attitudinal Outcomes 



Gender ■* 
.Ability/Aptitude 
i^ge/Pxevious Experience 
Environmental 
Personalogical 



.17' 

10 
16 

11 
21 



7 
1 

7 
2 



H > L 

2 

• ' 5. . 
6 

■ 2 



H < L 



ND 
6 
3 
3- 
3 
1 



H > L H < L 

1 

1 * - . 



4 
3 
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Attitudlnal outcomes that have been studied Include, students* att^ 
tudes^towajrd science, curiosity Interests, and Intefe&t, as expressed in 

'their selecting additional ^clence cburses. With a sample of 413 tenth 
elevenCfh,*'and twel'ftjfi graders, Kuhn (167) foun^ boys to have a inore 
positive attlttfde toward science th^n ha^ girls. In^hls study witfi , 276^ 
Israeli high school student^, Tamlr i(25J.) ^ found no '(differences In the 
scientific curiosity of boys and glifls. Gay (103) found no^ gender- 
related factors In course enrollmenD but Omerbd et aX* (228) found ^ 
that boys ('teiKled to select physics ^specially If classes were cbjeduca- 
tlonal. contrast , girls tended t|o request physics If the'^classes 
were limited, to giirls only. In fout other st)?dles, no evidence for a ' 
gender-based difference 'was found In students* attitude (McGahan, 203), 
attitude toward the environment (Kudlas, 166)» Interest In science ^ 

(Stltt, 283). In a study of 86 students. Quint (246) found that; attl^ 
tude changes Itt parents as a result of their chl^dren^s science exper- 
iences was' similar regardless of the gender of the student. 

While the res\ilts of four studies do not explicitly fit this 
conclusion* most of ,,6he ^studies (n ^ 13) reporting' gender ^s a 
variable show evidence t'bat at the high scliool level, boys ai^d girls 
can be expected to have B^lXar achievement and attitudlnal outc9mes. " 

In Wliftt W»y$ Are the Outcomes bf Sciipce Learning DifTerent Fof^Students'of DifTerent 
ApUtude or AWlt^?. , : . 

■ ' .S'^^'i^^' - . . ■■ . 

Teachers usuat:i^^ Vlth known high aptitudes or 

abilities to do bette^^ln ^^^^^ than students with less ability. 
It) , the ten studies 'In, ufalch^thlsSelement has been 'Included, , this 
seons to be true for achie\:^ent but not for attltudinal outcomes.' ' 
Brown Vnd gutts (30) fountf*that twelfth graders with higher iq*s did 
bettef on their criterion achievement' test la physiology. Zvl et al. „ 
(340) examined the performance of 440 tenth and eleventh grade Israeli 
studeiittg In chemistry and 'found It closely correlated with IQ. In 
Jones^ (142) study, a slmllar*concluslon wad found. Lueckemeyer tl84) 
used tlie DAT as a measure of aptitude and found It signlf Icahtly 
related to a criterion achievement test. In his study with 93 high 
school biology students. Long (181) found a strong relationship 
between ^attitude aKd achleAi^ent In biology. "In one contrasting 
study, howeveit. Grant (107) fi)und no aptltude-ifelated differences 
111 the wi;ltten problem solutions of t^hth, eleventh* and twelfth 
iiikders. / , ^ * " 

When attitudlnal outcomes of science learning 3?ce conslflered, an 
oppoi^lte trend 'Is observed. No aptitude differences In stiidents* 
attitudes^ were found by Brown and Butts (30>, Long (181), and Kudlas 
(166). In His sample of 75,^ Quint (246) did find that paretits of 
high 'ability students s^oUfed greater changes In their attitudes 
toward the^envlronment -tlian did the others In the sample. 

^ As would be expectedf, the results, of. these studies support the * 
conclusion that brighter, more able students achieve more but t^iat how 
students feel about science is not»related to Cheir ability/aptitude. 



In What Ways Art '(h« Outromcs i>f Science Learntci^ DttTcrent 
For Students of C^trastfng Age or Previous Exi>erience? 

^ - Uheft achievetnenc^ oQCco'mas vere exaj&ined^ i^asc ^ studies found chat; 
age/pievious- schoolini^ experience indicators were not significantly 
related to dependent variables. In a sample of 34 high school*^; 
students, Wormack (^337 founds no evidence that age was related to 
score on a criterion achievement test 6f science knowledge. Kishta 
(158) studied' 129 tenth^grade Jordanian students and found no evidence 
that age and cognitive development were related. In his sample of 40 
ninth and eleventh-grade students, Bady (11) was unable to detect 
evidence of a relationship i)etween previous school achiev^ent and 
students* logic in testing hypotheses. ' With 81 Saudi Arabian high 
school students, Mulla (217) was unsuccessful in a search for a - 
correlation between age and'tea<fher grades as indicators of achieve^ 
nent . Grant' (107) examined students* solution of science problems 'and 
foucid ,that tenth, eleventh, and twelfth graders did about the same. 
JWith 86 high school' chemistry students , Stephenson (282) did not find 
age to be-related to perfortaance on a cri£erioUjKchemistry test,' but 
did find a significant relationship between student grade-point K'^ 
average and achievooent in chemistry. While Collins <54) did not' 
find -any evidence of a relationship between SRA achievement in ^.^ 
science, mathematics, or reading with a criterion test in physic^; 
Jimenex and Rosendo (140) did find, with a sainple>of 28 physics ^ 
students* iit Mexico, that the chemistryH>ackgroutld physics students 
had was significantly related to their^achievemeht in phydics. Cop- 
trastitlg tenth and eleventh*grade students in ^ Egypt ^ Abdel-iJahab <2) 
found a significant cort'el.at ion between grade leval;'^nd 'physics 
achievement. National Assessment (220) data shoff a^signif leant 
difference between student achievement j^n grades teu^ >.eleven,^ and 
twelve. An interesting pattern in these results\is tm marked 19^^ ' 
performance of 17 year-olds in grade ten as contrasted with 17 j?ear- 
o'lds In grades eleven and twelve. Thus, while a^e it$elf is not .a ' 
variable in these*data,/ tlie grade level is. Van der 6ei;g (3^1) dfd 
find,^howevet^ in his study, of 66 high'sqhooi and 'cbllege st^ents,' 
that^ older students di4 bettier in tests of i>ropo8itional thinking ^axKl 
analyticalt^'thinking. In aA interesting study, tybeck (1^) X£^ke<j at 
tenth-g;rade Swedish students/ understanding of a Cartesian Di^jer 
demonstration. He. found that und^t-standing was closely associated , ^ 
with measures- of the relevant ^schoor experienced 'of students^ 

Within the narrow band of ^e di££erei;cGts in th& high sc)iaoX,, age^' 
per se^ does not seem to be a significant contributor to acRieve^aent ' 
outcomes.. But, when the natul^- p'^st expeViences are ^considered*" 
especially those experience indicators that ^re closely^ related to ■ ' 
th^' instructional context, certain past i^periencf^ indicators of - 
students are, useful predictors of achievement -in science. 

' While the relationship between pa^ experience and achievement may 
have a sybs(:afttial base^^ a similar relationship'between experience and 
attitudYnai t>utcomes.ds not as e}.&ar.^ I^n a study with 143 tenth and 1^ 
twelfth graders,, Kuhn (167) found no' ^vldervcd of a -relationship . between 
student a^e,\grade completed;" or ni^bbr of high sihool sci^(^e courses 
and. interest ' in energy -related topics. ^ ' 



Quint (24^ i'ound that student age did not seem tb relate to the 
Ittpact On parent al^tltudes. With a sample of 122 high school biology 
students^ Kudlad (166) found no evidence that age was' related to 
'*attl^de changes. * , ' 

' Thesd studies may be Indicators that attl^dlnal out^comes at the 
,hlpt school level are relatively stable and not subject to the age* 
related fluctuations observed In younger students.^ 

^,^At the secondary level, a student ' ^ previous experience rather 
than"^ age ^&ppears to be a contributor to success In science achlen-^ 
n^t but neltheistage nor experience appear to be related to attltudl^ 
niL outcomes. * ' 

III What Ways Are the Outcomes of i^tence Learning Related to the Student's Environmental 
Ba^k^ound Variables? . 

* ' Of the 11 studies la whlch^hl^h school student's envlronmjental 
background such as socio-economic or etHnlc orlglp Were .considered as 
-a variable, ot^^^f tour looked at the contribution of this element co 
ac^tlevement . ^rjmtlonal Assessment (220) reported tba£. In 17 year-olds, 
^ace wa$ a significant variable ln*all categories; whites did better 
than did Hlspanlcs who did better than blacks; Klshta (158) used a 
sample of 129 tep^h-grade' students to see If United States and Jordanian 
students differed In their cognitive development performance. He 
found United States stud^ts significantly more advanced than Jordanian^ 
^^aird urban more adiMace^than cural students In both cultures. In his 
^tudy of 81' Saudi Arabian students, Mulla (217) found that urban /and 
rural students' did not achieve differently when the Indicators of 
achievement were te^chers^ grades. Stltt (283)* found, no-^eyidence 
that socio-economic stratus was* related to achievement In db^mlstry. 

^^r^ t*J^i 1979, researchers hypothesized a relationship between this 
elem^t and a variety of attltudlnal outcomes. Gay (103) found more | 
whites selected physics than -;blacks. In his study of students' atti- 
tude^ toward soclalli^c-related science Issues, Uzzo (309) ^o^A^ ^hat 
Puetto Rlcans were more conservatl^ve* than were whites while olacks were 
the most libera^ In theli;^ attitudes. 6peece (277) looked at factors 
that appeared to. Influence students*' decisions to partftt^ate' In* 
-science fairs. She found that both W^cher ^nd parent Interest in*^^' 
science fairs were slgi^^lcant factors^ Quint (246) found that soclo-^ 
economic , status £QdlcatoVfi\*and p^ent occupations seemed npt to be 
related* to changes In parent's ^Htj^des toward^ ehergy conservation 
when their chlldjren re^elyed special instruction. Both Kudla? (166)'* 
and Stltt (283) found no evidence tiiit socio-economic status was 
i:elated to attitude changes^ Tamlr (291) did find that United States 
student s .tf^'nded to be more cujrlou^ than were their Israeli counterparts. 

The ^complex nature'of thl^^ e^jrlronqientally^rlent^d^ element makes 
explicit conclusions dlfflcultV, most cases, however, ethnic and ^ ^ 
cultural backgrounds seem* to pfo^duce pronounced dlf^ferences in achi^e^- 
meht^ or .attltudlnal, outcomes. - * ^ t 



In What Ways Arc the Outcomes of Science Learning Related to Stiident Personalogical 
Variables? - 

By the tlme the student Is In high .school^ many researchers expect 
that cognitive development may be Hearing Its highest level and that 
learning styles are established, 'tn most of the studied reporting on 
thes^ variables^ the more advance^^tK^ level of cognitive de^^eloptnent,- 
the better the student's achievement, wonnack ^(333) found dfiat of 
the 3A high school students In his sample, those who had higher struc- 
turing ability did better on a criterion aqhlevement test,. Using a 
sample of 110 Nigerian \iilgh school students, Ehlndero (89) found that 
formal students did betker than concrete students In. biology achieve- 
ment* Lybeck (188) fou™ a similar relationship . for "physics students; 
Holden (126) studled-^1^ high school biology students and found that , 
formal students outperformed concrete students 6n an achievement test 
In-ecology. The students seemed to show no difference In^ their atti- 
tudes toward the environment* Cob^i;n (A9) also found formal students 
doing better In biology, as did StepHenson (282) in a study of chemistry 
achievement. However, two studies yielded contrasting results. ^ 
Collins (5A) studied 100 tenth and twelfth graders and found lio evidence 
of a relationship between their cognitive development and achievement Ip 
physics. Grant (107) used a criterion test of problem solving and found 
that students of different cognitive development achieved similarly. 

Two, dimensions of learning style were reported in^^W&es of high 
school students. The Influence of >f ield-inde^ndencT^ and field* } 
dependence was examined In two studies. Douglas (76) fotjnd that field* 
dependent students did better on a criterion biology test.' In contrast; 
Holden (126) fount) that f ield*independent students acl^feved more 
ecological knowledge. ^ ^ . ^ - ^ 

* ^ / / * 

Three studies reported investigai^ing .the contrast beti^een ' 
**lntemal** and *lexternal** learning , styles.^ Long;.et aU. (Ill) found? ' . 
no evideh<;e tliat **internals** or **extemals** leathed more^ biology. 
Holden (126) ,Thowevert ^ound . ''internals'* -did leaif'n ,more Ecology th^n>, . 
did **extemals/V;and that they had s i£iore 'positive attitude toward 
their environment. ■ Ebeling (87) also' .found, that **lnt;^rnilsV^had a more^ 
positive attitude toward the ehvlronmeht than did 'Wtetnals.'*' 

Rnpwlng a student*8 levelof cognitive development provides sub^ 
s^antlal Infcfrmatlon that h^lps understand a student* s achievement or 
lack of, it. , Knowledge o|j;a Student*s co^J^tive dev^opment or learning, 
style provides ^I'ttle^ help, however, in understanding attitudlnal - 
outcomes. ^ 

At^the secondly level oth^r personalogical v^tiabl^s included 
cog^tiV4£^preferenc6.^ study hat>f^s^'' motives, self evaluation and ^ 
interests, and t^lne spent s.tudylng.^ Theobald 0253) found that cogni- 
tive i^Vef erence , i.e., oRenmindeUnesi, contributed stgni^icantly- .to 
achievement In biology; Dekkers (68) alsp' found cognitive preference *' 
to be an Infjlfortant variable. Zvl'et al.^OAO) found a"student*s cogni,- 
tive ,pjfef erenca to be related' 'to achievement In cheniistr^r;- ^ . . 
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Connnitiiient of the student is another personal factor related to 
success in achievement. In a study of 28. Mexican high school ptiysics 
students, Jimenez and Rosendo (1^0) found achievement to be related 
to time 'spent stu^yin^ In a ^study of 81 high school students in - 
Saudi Arabia, Mulla (217) found a significant correlation between 
student motivation, tolerance for ambiguity, anxiety aj}A self 
evaluation, and their science gra4^s. He did not find evidence of 
a similar correlation between student attitude and study habits* 

Stephenson (282) found no evidence tl^t student Attitude influ- 
enced chemistry achievement. Kuhn (167) found a similar lack of 
evidence^ for' student ^ttitude'and Interest in energy conservation. 
Spfeece (277) did find a correlation between student Interest in 
science fairs and willingness to participate. Gay (103) also* found ^ 
a correlation between student interest; and enrollment ia physics 
classes. ' ' ^ 

Thus, knowing something about a student^s self perception, 
interest, and motivatfion can be useful improving instruction. 

VJ ' 

Summary 

Science learning is occurring in high school. Based the 75 
1979 research, ^udies that included an element of the student filter, 
it would appear that boys and girls do not consistently show differ- 
ences in their achievement ;■ student s with higher aptitude do better 
than those with lower* aptitude; students with relevant previous exper*^ 
iences rather than mere age do better on acliievement but variance in 
attitudinal outcomes is unrelated to ,age/experience; envii^onmental 
variables such as home /background and ethnic origin are significant 
contributors to outcomes of the science learning context; variations 
in personalogical variables such as cognitive ^eV^elopment level, 
learning - style, motivation, and attitudes show trends of being useful 
predictors , of achievement. 



The Teacher FUter 



Within the science learning context of the high school, 13 pf 
the 1979 research studies included an element of the teacher' filter 
as an independent variable. In these elements, indicators were how 
either a teache^r's knowledge or pedagogical skills influences student 
achievement or attitudinal outcomes. 



bt What Ways Are the Science Learning Outcomes 
Duenced By A Teacher's Knowledge? 



^1 



The depth of knowledge 6f a teacher was 'reflected in two studies. 
Spencer (27Q) surveyed British science teachers as to the source of 
Scientific information they used*. He found that most British science 
teachers depetid on other teachers for their information rather than on 
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published sources or professional orgaiuLzatlons* Bruno (33) also noted 
that teachers In rural areas usually taught a wide range of courses and, 
""by Implication, had little time for ardequat.e Inrdepth excellence' tn any 
single science subject area^ To^s,(300) found a significant correla- 
tion between the teachers* knowledge of the structure of the subject 
they were teaching and their students* achievement* In his study of 
78 superior sx:lence students, MacCurdy (190)- noted the hlgi^ly Important 
effect on students of a science teacher who was a person to, Imitate, 
l^owever, Romano (253) reported an Interesting study of 35 biology 
teachers and their students, ' He found no evldepce of a relatjlonship 
between teachers* perfonnanc'e on the National Teachers Examination and 
their students* gain on a different standardized achlevem^t' examination. 
He did find that A6 percent ^of the classes showed jaun&g^flve gain for 
the year — that 1^, the higher the teacher*s sc6re» the less the students 
gained »v 

The precise relationship between what a teacher knows of the science 
cont^np to be taught and the Intended^utcomes of science Instruction 
thus has received a llttlre attemtlon ln*the research of 1979* However, - 
It appears that student learning Is Influenced by t^^chers* knowledge. 
Why this silence In our research? 

In Ways Are the Science Lcarnlng.Outcomes Influenced By A Teacher's Preacti ve and 
Interactive Pedagogical Skills? 

Preactlve pedagogical skills of high school science teachers were 
the foci of four^research reports. The opportunity a teacher has to 
reflect on the methods and tnaterlals for Instruction seems to be the 
iDOSt frequent concern. Welch (325) reported that teachers .believe they 
; ne^d Inservlce and curriculum development under federal sponsorship. " In 
hls^study, t:he teachei;s* principals agreed with the priority of need» 
but believed It Is best done at the loca4 school district^ level rather 
than external to the loc9l context. In contrast^ Moore (216) reported 
that 80 percent bf the ^science teachers In Tennessee had not partici- 
pated In an Inservlce workshop since 1972— and that most of them were 
•atlsfled with their present program. In her needs'assessment of 
science In Tennessee^ Crackett (59) found that parent's and students 
thought teachers needed'new Ideas. -^In the results of his survey of 
Nebi:;aslca science teachers, Sruno (33) showed that they were still using 
conventional teaching m^rhods ^and materials; — and were quite satisfied 
with them. ^ . . - 

At the secondary ievel^ scant attention seems to be given to pro- 
viding the science teacher with iresH curriculum. materials and strate- \^ 
gles. Is this reflected In <he current decline In the science 
performance of ^secondary student;^? 

That the teacher's behavior In the classroom (Interactive peda- 
gogical skills) Is a significant factor In student learning seems 
logical^ but emj^lrlcal evidence that links specific teacher behavior 
to student behavior or student outcomes 1^ not easily found/ Mrinley 
(rtA) did study the extent to which teacher behavior in the learning 
environment Influenced students* aTtltudes toward chemistry, He found 



that the teacher^s^'vefbal behavior In Interp 



try \Us a significant contributor^ to -student?;' positive attitudes 
Bolllnge^ (25) found a significant correlation between a teacher *s 



v^rbalf behavior In the ^clence classroom and 
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1 jetlng key Ideas In chemls- 



student attitude toward 



science. 'He did not; fliid evidence for a similar relationship between 
teachers* nonverbal behavior and student ^at 1 1 tudlnal pu-tcomes * How-' 
ever, I positive teachers tended to have a greater variety of Instruc- 
tional activities* , ^' 

floss (254) looked at how teachers and' prlinclpals perceived the 
adequacy of the science learning environment and fbundthat principals 
tended to rafe^ It much higher than did teachers most of the time* 
Hassan (119) studied how students perceived t le classroom environment 
when they had teachers who had quite different* Interaction control 
strategies. ^In his study of Sudanese high scliool students^ he found 
no evidence of differences In how students perceived the classroom 
when they had a i teacher who demonstrated custc dial or humanistic 
management strategies* 



Does a teacher's actions In the classrobn 
student achlevemei)t and attltudlnal outcomes? 
so,, but evidence Is needed to clearly s^upport 



The Instruction Filter 



make^ a difference In 
Different groups think 
this assumption; ' 



A third Contributor to the jdlfferences Injstudent science achieve* 
ment and attltrudlnal outcomes Is the Instructional conte^ct. Within 
this context, both the substance or Ideas or content and the Instruc- 
tional strategies or method'^ were examined In the 1979 science education 
research* Some studies also 'dealt with the Interaction of elements of 
the student filter or teacher filter with tl^e Instruction filter^ Thus, 
by letting the **order of thing?" emerge as founfl In t;he 54 studies that 
examined some aspect of Instruction as an Independent variable; the, 
"order of Ideas** or elements are as follows (see Table 7): 



what Ideas, 

what Ideas with what students, 
what Ideas with what teachers, 
what Instructional strategies or tactics,^ 
what curricula, 

what curricula with what students* 

From these studies, the evidence Is rather clear that variance In 
student achievement can be modified by changing ejlements of the 
Instruction filter* 
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^ Table 7 

Summary of Number of Studies In the Instruction Filter 





. /' ^ , 




Element 




No. of Studies 



Content 

What Ideas? . . , 16 

Content + Student 

What Ideas with what students? 4 

Content + Teacher ^ 

What Idea^ with what teachers? 6 

Method 

What Instructtlonal strategies or tactics? 13 

Contetvt + Method 

What curricula? \ ^ U 

Content + Method + Students 

What curriculum with what students? 11^ 

54 



In What Ways Are the Outconws of Sdcnce Learning 
Influenced by the Content That Learning? 

1— - , 

In the 1'6 studies that report results related to the content or 
■ Ideas that are or should be In the'^sclence learning Instruction^ there 
are four types of answers: a) what should be based on a philosophical 
stance^ b) what should be based on analysis of current practice^. c) 
what should be based on patterns of curriculum development^ and d), what 
should be based on empirical studies of the Impact of specj^flc Ideas, 
on student outcomes. ^ 

Two studies Included a philosophical orientation to"" wh^t should be. 
Munro developed an argument that science Instruction Is educa- . 

tlonally valuable to the extent that It Is consistent with the mature ' 
of science* In Crockett's (59) Tennessee survey^ She found that parents 
believed science should be' Included In^the high school and that they^ 
^the parents^ should be Involved In .curriculum development for these 
scleJice courses. - ^ - 



In the sl^ studies that described the current,, content of science, ' 
a range of- questions were explored. Levin and Llhdbeck (177) surveyed 
biology textbooks to see the extent to which they Included such I;ontro- 
vetslal issues as evolution, disease, drugs, environment, human 
genetics, hionaffi reproduction, origin of life, population explosion, - 
radiation, race, and mafi In nature. They found no text that Included 
all the Issues. Skogg (274) traced the Inclusion of evolution In high 
school textbooks. In his survey of 92 texts published from 1900 t6 
1977, he found little attention given to the topic prior to 1950, a 
high emphasis from 1950^1970, and a significant decline In emphasis* 
since 1970. 

Roy (255) presented a similar analysis of what h^s lieen empha4* 
sized In ^rth science concepts.. Jones (143) designed a' scheme for ^ 
analyzing a biology text. In a survey of current practices in 
Nebraska, Bruno (33) found that five of the Hey secondary materials , 
were being used, few advanced science courses^wore being offered and 
that there wer^ very few efforts to update or'modlfy the content of 
the science curricula. « , ' « . 

One way to Influence ^r update the content of science Instruction 
to develop new or modified cyrrfcula. Four reports ^describe the 
.efforts to do this,, e.g.,-'Jaslm (139) developed a chemistry course > 
for students In Kuwait, D^^enye (73) designed a population educatloti- 
currlculum for Nigeria,^ Foster (97) designed a curriculum In ecology, 
an<f Marathe (195) described a model for curriculum development. 

A fourth dlmenslbn^of this element of what Ideas will Influence ^ 
student achievement and attltudlnal outcomes consisted of the* experimental 
studies to evaluate empirical evidence 'that specific Ideas of content 
does make a difference. In a stu^y with 276' students,' tamir (291) 
found that Inquiry as a topic of study made a slgnificantv difference ^ 
In students' curiosity. Glblan (105) found that Instruction on a. 
specific problem solving model produced Significant ^cljievement and ^ 
attitudlnal. changes* Polland* (243) looked at how instruction with 
analogies would Influence achievement. In his sample of 129, one 
group received hlgbly complex analogies' while a second group had lower 
complex analogl€i8 and a third group had nO ^tlaloglesi ^ Onl^ those 
students Who had the highly complex analogies showed differences In 
achievement. Bullodk (35) found that Including water models in 
physics instruction Influenced st^udents* physics achievement. But 
Lawson et al. (175) found that biology Instruction did not produce 
ah Increase of correlational reasoning* ^ 

^^■'^ ' 

National surveys show that( the textbook Is the overwhelming 
powerful source of content for\6econdary classropros* Students are 
Hot" likely 'to learn Ideas for which they have no Instruction or 
experl^ce. These studies would suggest that the content of secondary 
science ciass-es Is not being substantlal^ly^ influenced by current 
scientific thinking or social concerns* 
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lit What Ways Arc the Outcomes of the Science Learning Context 
Influenced by the Interaction of Content and Students of 
DifTering Characteristics? 

When tt||^xbnt&nC of ^sclence InsCrucClon Is considered either^ 
through che'^eyes of high school science students or Iti the. light of 
student characteristics^ a valuable *soitrce of information .Is available 
to the- teacher. Dekkers and Allen (68)' found that student preference 
for specific Ideas could Influence school practices, Adbel-Wahab (2) 
found that older*^students achlev^ more than did younger ones. Taylor 
(292) reported evidence that physics textbooks were biased against 

\4lrls; However^ Unan (308) found that^ given the same biology conterit^ 

iflrls achieved more on a criterion test than did boys. 

Is It possible that tlie same coatent will not fit each student 
equally i^ll? If so^ what student characteristics should be^ con- 
sidered In modifying the colfitent? This question remains unexplored 
^In the 1979 research' report*. - 

In What Are the Outcdines ofScience Learning Influenced by the Interaction of Content^ ^ 
and Teachers of Different (Characteristics? 



,^rn this element^ teacher characteristics such as background knQw- 
l^d^l^^ognltlve development^ and teaching strategies have/ been 
examin^gfH^. Xaews (300) found that the teacher*s kiiowledge/of a 
Subject-Centered curriculum or a unified- science curricuj/um was a 
more powerful determinant of student achievement and ^at&ltudlnal ^ 
outcomes than was the currlculum^ltself . Tlghe (297) £ound. that the 
teacher's major iEngllsh^ science, or social science) .was" a signifi- 
'cant contributor to his/her expectations for students/in the use of 
^^^^^^lish in Written reports, tn cdntrast, Carparelli;^(A2) did tiot 
; infed evidence that a teacher's level of cognitive defv^loproent (formal 
or concrete) was related to the cognitive level of /the verbal discus*- 
sion in the classroom. Lamb (171) did find that frhe more the teacher 
structur^ a lecture, the greater the students/ achievemenC. Manley^ ^ 
(I9A) found, that a significaot contributor to stjudent achievement and 
attitude, was the teacher^s Interpretat^ion of thye curriculum rather 
than the curriculum Itself. Bollinger (25) found that a teacfier^s 
verbal behavior in^ the classroom and his/her personat attitude toward 
science Had a clear Impact ^n student attitude toward science. He 
fou^d no evidence of a similar relationship /between the teacher *s non*; 
verbal behavior or attitude toward teaching and ^student attitude. 



Teachers do make a difference. 



Glv^ii yimilar instructional 
^ . , growing body of evidence 

that identifies specific ways teachers iMn enhan^ the outcomes of 
instruction- * ^ / // * ^ 



settings, these studies report some of t* 
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student St Quint (2A6) compared the Impact^f assigned ^tudy at home 
with only In-school assigned study on parent attitudes toward energy 
conservation. He found that the In-school group had parents with the 
greater attitude (^hange, Collins (5A) found that the level of Instruc- 
tlptr was correlated with achievement (formal Instruction with formal 
achievement tasks) but that those correlations seemed to be independent 
of stuYtient^ aptitude scores', 

^ *' Ift a study of the Impact of the tactic of using diagnostic tests,' . 
Brown and Butts (30) reported that, with 60 high school physiology 
students, no evidence was found that the use of the tests made a /' 
difference In^^a'chievement , Hlghei; aptitude stuclents, however, had a 
more positive attitude toward the tests. Jones riA2) confpared the 
impact of using advance organizers with high achieving students and 
with low achieving , students. The^ helped the former bOL not the.lattdT;, 
Lueckemeyer (l8A) founH that using the mastery learnlng/remedlacVDn 
tactic with 185 tenth graders produced significant achlev^ent gains 
and that these gains appeared to be independent of studentJ aptitude. 

^sed on these studies, exciting relationships between students 
and instruction begin to emerge. Careful and thought^ful pursuit of 
liypotheslzed relationships can help map out' the comp.l'exltles of 
Instructional Interactions. 



StimniAry ^ ^ . 

. In the 1A2 stu4ies in, which the scietice learning outcomes of the 

adolescent were studied, variations in these outcomes were found to be 
described In terms of the elements of these filters. 



The Student Filter (n - 75 studies) 



A. Gender 



^ no consistent differences found 



B. Ability/Aptitude 



C. Previous Experience 



- higher ability students do better 
th^n lower ability students 

-'experiences relevant to the instruc- 
tion rather than just aga» are 
related to achievement outcomes 



D. Environmental Variables 



ethnic origin but not home^back-* 
ground is clearly associated with 
achievenient and attitudinal outcomes 



E. Persbnalogical Variables 



the more advanced the cognitive 
development .of the student, the 
better the achievement; learnin^ 
styles and other personality v 
bles were found Xn too few sti 
to estamj-sh a pattern 



The Teacher Filter (n ^13 studies) 
A. Teacher Knowledge^ 



too' few studies to establish a 
pattern 



B, Teacher Pedagogical Skills - too few stjjdies to* estaViish a 
T pattern 

The Instruction Filter (n ■ 54 studies) 



A. Content 



B. Hethod 



— current content in secondary f 
^ science is largely undisturbed 

by current scientific develop- 
mehts 

- specific instructional tactics or 
* strategies do make a difference 

^ in achievement > 



/ 
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SEARCHING THE SCIENCE LEARNING CONTEXT 
OF THE UNDERGRADUATE COLLEG(AN 

College Is the context for the completion of the academic foundation 
of the student* Science knowledges* skills* and strategies are polished 
through extensive'Systematlc surveys of the^ science disciplines. 

In this section, the research Studies will describe new evidence 
that the collegiate context Is one^ that ,1s undergoing -a rapid trans- 
f ooiHClon t . ■ ■ , * s 



The Student Filter' , ... 

lit the scler^ce education research studies reported in 1979* 79 
studies Included 'elements of the collegian studentX filter. These 
■elements have been categorized as gender-related varlables,/ablllty/ 
aptitude, age/previous experience* environmental varldbles* and 
personaloglcal variables. In Table 8 a summary of the ftndlngsf related 
to the collegiate student filter are glv^n. [ 



In Wliat Ways Are the Outcomes of Science Learning 
mfTerent for Boys Than for Girls? 

Gender-related differences In achievement and| attitudlnal outcomes 
at the collegiate level vere examined In 11- studies. In 9 of the*ll^ 
studies, boys' and girls' achievement and attitudes wer^ similar. These 
findings seem to hold consistent for a variety of subject areas, e.g., 
chemistry (Andrews, 8; Petrlch, 239), biology (Bailey, 12; Walker, 317), 
and pHysics (Krishnan, 1$3; Prldmore, 236). When*MacCurdy (190X studied 
78 superior science achievers, he found an e<)ual representation of boys 
and girls, Kllllan (153) also found no evidence of a gender-related 
difference in cognitive development. In a study of 1,014 nonsclence 
majors in college chemistry classes. Helms (121) found that boys and 
girls had similar expectations of sclenqe. 

In two studies, gender-related differences wei/e found, Vlcks (314) 
found that males did not show significantly different achievement in 
biology than females, but they did score higher on car-eer motivation/ 
Kirkl^nd (156) also found that males had higher achievement than did 
females, but that the females had a significantly more positive attitude 
about audio— ;iutorlal instruction tlian males, 

/ ^ ' ' 

At th^^ collegiate level, .the evidence indicates that boys and 
girls wijl/prbbably achieve about the same, ^ 

/■ ' ' ■ ■ 

In What Ways Are tlie Outcomes of Science Learning DifTerent 
for Stud^ts of DifTering Aptitude or Ability? 

Xhis" element of the student filter l>as been described or measured 
by general aptitude tests,^ACT scores, SAT sc^Pres, IQ, reading ability^ 
and mathematics/spat ial reasoning test s.^ / ^ /- 



'■J 
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,Ttesearch Stales Related to thfe^tuSeht' Filter In the Collegiate Science 
' " , ' ';Learntng,.^Sc^t.ext - ^ \^ 



Element^ 



Gender \ 

Ablllty/Aptltude 

Age/Prevlou| Experience 

Environmental ' 

Pi- 
pers ona log leal 



— *^ — -^^i^^^j'lnj^ 1 ngs-^ ^ T"^l 

Relat;^^ to" \Related'to 



No-. , of 
^ Studies 



f 

res ^ 



* AcMeVdtent.Outcc^Ts' AttltSdln^l Outcoinj 

■ — ■ -■- r ^ J. ^^^^^^^^^^^^^^^—1 I M T fa^^^ V 



1 ' - v^ 



11 

13 

5 . 
26 



.7 



8 
12 



^ -8 

15 
3" 
11 



^ 1 

' 1 . 



1 . 



•7i 
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ost ,studlj&6 at the col'^'egiate level haye searched fbf an aptitude/ 
acblevemeftt %lnk aliliaugh, one study' (Dapper, 64) did not look for evi- 
dence of such a link. *'Uslng the'^^AT as the aptitude measure with a 
' samjil^fe pjf ';304; he found no evidence, that aptltud^-ls related to attitude 
toward sc,lence^ s ^ ' ' 

In using th6 ACTT kcore as the Indicator of; aptitude^ Ktlllan (153) 
found a significant^ correlation between It ^nd the student; ' s level of 
cognitive development. With a satnple of 130, Vletctu&r (96) also found a 
significant y:orrelatlon-between ACT scayes and achievement^ In chemistiry', 
Ellson C94)/dld not find e.vlderice^for a relatlonslilp between get^eral 
a^tltude/and achievement- iti gtolo^gy., Barnes (l4y. falled-to find a 
predictive relationship with the verbal scores of the SAT and achieve- 
ment In chemistry. I}<^wev$'£;' she dlnl find a significant oorifelation ^ 
between, th^ niathematlcs fiTAf score and chemistry achievement.- Bailey.- . 
, (12) used t^^'veirbal SAT as an Indicator and' found ^t correlated signi-^ - 
flcantly with critical thinking^ In fclology. ' Pr'ldmore (236) also found 
the SAt to'cSrrelate with achievement In physics, In hl^ sample of 117 
collegian students: Andrews (8) found that inathematli:!s SAT scores 
correlated with'^achievement , and ^ogdmongan and Loptus C231) found them 
correlated with chemistry achievement. - In his study with 303 college 
students, Pallam (61) did not find evidence that readlrtg ability was 
associated with successful sclenc^achlevement ^ 

■ . ( 

^ In two studies,' student IQ\was used as ah IndlcatPr of ability. 
HacCurdy (190) found no evidence that I<J was correlated with superior 
science students but Cole (52) found that science achievement was signl- 
flcant^Iy correlated with IQ."^^ In , his st\idy of 196 students In computer 
programming, Schroeder (264) ^^oundth^C^mathematlcal reasoning ability 
was not related to achievement. ' 

The trend Is not unexpected. College students who do well on 'l^ 
standardized ap^tltude (ssts tend to achieve' better in cQllege science 
classes. ' « 

jA.What Ways Are the Outcomes of Science learning DifTerent for Studentsof Contrasting 
Age or Previous Experience? ^ 

The collegiate student's previous experience was Included as an 
independent variable in I9^studles. In three studies, age was the 
Indicator while In most of the studies high School or previous college 
perf oriii^Qce was thought to be' repaired 'to -achlevemenj^ outcomes. As an - 
Indicator of the element, no evidence was found that age was related 
to chemistry achievement (Petrlch, 239), biology achievement (Vlcks, 
314), phyWcs achievement^ (Prldmore, 236) or student expectations from 
science (HWlms, 121). 

High strhool grades ab4: <:ourses were expected to be related to 
college science achievement's! In a study with 130 college chemistry 
students, Fletcher (96) found\hat the high school chemistry grade, 
was a significant, predictor of cbJlege chemistry achievement. A - 
sltnllar relationship between high school physics grades or overall 
high school grade point average was not found. As was the ca^e In a 



study by Andrews (8), Ozsogomogan and Loptus (231) also found a 
significant correlation between high school chemistry grades and 
college cheinistry'a<hievement. In contrast. Bailey (12) found no 
evidence of a relationship ^between the ntunber of years of high school 
science and achievement in college biology. Barnes (l4) also found 
no evidence that high school mathematics courses, g^eral grade point 
average, science classes^ or science grades were related to achieve^ 
ment in chemistry. I-n a sample of 117 students', Frldmore (236) found 
that high school mathematics and general grade. point average were ^ 
significant predictors of college physics achievement. 'Kamchaturas 
(148) also found high school science cpurses to be related to college 
biology test results, * ^ -i^ ■ 

The mathematics skills that' a student possesses have been used as 
ari indicator of previous learning. ^ Champagne et al^ (44) found no 
evidence these skills were related to scycess in college physics. But 
Trummel (307)^ and Frldmore (236) both found mathematics skills to be ^ 
significant predictors of success in college physics. Bardole ^and 
Bardole (13) and Barnes (l4) also found mathematics skills to be a 
good predictor of success in college chemistry. Champagne et al . (44) 
did find that a student's misconceptions (acquired in earlier science 
courses) were a significant predictor of poor physics achievement, 
Ozso^omong^ and Loptus ('231) were able* to use a chemistry pretest 
(also- a measure of previous science learning) to predict success in 
college chemistry. Helms (121) found that students* iionacademic oi: 
nonSclence reading interests were correlated with ^hat: , they' epcpected r 
from science. ^ ^ v * ^ 

Previous college experiences as Indicators have also been explored. 
General grade po^nt average was fdund by Filson (94) to^be a significant 
predictor ofc^ success ^In geology but number of quarters 1ft , college, 
college science courses, or, college mathematics courses Were not, 
Vicks (314) and Frldm<Jre (236) also found college CFA to be. a signi- 
ficant predlctot Qf sbcc^ess in blology.^ Frevious college biology, 
classes did not seem tp help students, in Brumby's (31) study* their 
understanding of biologlca^ evolution. .With a sample of 298 college 
students, 'Klrkland (156) :^ound that their academic standing as upper 
level or .lower Tevel wa^ significantly relatsed to both student Sj^ience 
achievement and attltud'es towardYscience. %lth 88r.students in his- 
sample. Hill (123> found no evidence that GFA was related to a . ' 
student's ablllty'to^ Visualize solutions to science pj-oblems. 

Based on the fmmerous studies reportl&d in 1^7.9, clearly one would 
expect students who had ^excellent high school instructl£ot\ in 

closely related subjects and who^are doing velL.acadeirilcall}^,ln coI:lege 
to achi^eve well in college Science ^courses.. , ^ ' ; ' 

In What Ways Are the Outcome of Science Learning Related to tbeStudent's Envirofinienta> 
Backgrounds? - . ' \ 

Two dimensions of the envlxonmental background^ element were . 
examined in five research studies wl^i college students in 1979* 
No evidence jvas found liV two studies that home/family, var^bles were 



related to achievement ' In biology when these vatlables were estlpiated 
using size of home town or -type of high school attended {Bailey, 12) 
or where family size or Income were used Vlcks," 314)-.^ 

On the other hand> when ethnic origin or a related variable, 
primary language^ was examined, significant relationships were found 
In pt^slcs a_chlevement (Krlshnan, 163), chemistry achievement 
(Petrlch> 239)> and biology achievement {Noble et al., 222)* 

^ These five studies underscore this potentially powerful element of 
the student filter. This element needs much more cateful .study to 
cpmprehend the meaning of this limited number of studies,. 

In What Ways Are the Outcomes of Science Learning Related to Student's Personalogical 
Variables? ; 

■ - / . ' ^ ^ ' ^ _ I ^ 

Logic would seem to Indicate that level of cognitive development 
and pattern of learning styles "would be key factors that could be 
expected to, Influence student achievement and possibly attitudes toward 
science learning. Although this element was Included In 17 studies of 
collegiate science performance. In 11 studies X^o evidence was found to 
Support a hypothesized^ relationship. ' ' ^ 

■Jtelatlve to cognitive development. Walker (317) studied 44 students 
In^a genetics course and found a significant correlation between formal 
reasoning ability and genetics achievement tests but a similar relation- 
ship between cognitive development level and course grade was- not found. 
With a sample of 60 students, Davis (67) looked at the relationship) 
between students' cognitive developmental level" and thelr'achlev^iftent 
when the structure of the communication was the key'conslderation. He 
found that formal students did well \n low sttj^ctured contexts .and 
concrete students did better In higher structure contexts. ^ Schro^der 
(264) and Ward (321) both found formal students* achievement higher than 
concrete^ students. In tlieir study of 60 college physics ^tudents> 
Llberman and Hudson (179) found that concrete reasoning was a signifi- 
cant factor in predicting failure in physics achievement. 

In contrast to these studies where. the cognitive developmental level 
of the student ^s useful In understanding achlLevement , no evidence of 
Such a relationship was found by Dallam (61) for 303 students in 'a 
natura^l science course; by Champagne et al. (44) for achievement ^in 
classical' mechanics; by Fllspn (94), with 170 students in geologv; by 
Ch^roenplt (46) with 176 students in chemistry and yilllams (3290, with 
861 science majors and nonsclence ^majors in chemistry; Hill (rv23), 
with 88 students in a problefti*solvlng achievement test^ or by Cole, 
in a. general science achievement test. - 

* ■ ' . 

A possible reason for these contrasting results of the ^inf luence 
of a student!s level of cognitive development on achievement imay rest 
in the closeness' between the Xe^el of reasoning required for. successful 
performance on the -achievement measure.' ^s- illustrated in Walker &t al . 
(318J, the cognitive demand of the criterion measure may be more readily 
v^isuallzed in a specific test' than in a general criterion measure of 
total course grade. " / ^ ^ ^ 

■ ' ' .. ■ V ■ 




Learniiig styles have been described as the ^^internal/externar* 
dimension of students' preferences^ their "field-dependence/' their 
factual versus conceptual preference for course organization or 
irfSneral cognitive style as defined by Hull in Holm*s '{^"29) ^ study. 
Yeany et al* (337) and Dapper (6^) found no evidence of a relationship 
'between **internal/external" preference of students and either achieve- 
ment or ii'ttitudinal outcomes, Macki^ (192) did find that field 
<lependent students did better on both achievement and attitudinal 
Outcomes than did field independent students. In a study with 121 
students, DeLuca (69) found that students who were classitied as ■ 
factual rather than conceptual In learning preference did 1>etter on 
an astronomy criterion test/ 

Learning style illustrates an element of the student filter that 
needs a much more careful delineation and search before dlear patterns 
of its influence can be described. 

Other personalogical indicators included collegian^s attitudes, 
self perception of preference^ and motivation. Students* attitudes 
toward their institution^ the subject^ a;id teacher were found to have 
no significant correlation with biology achievement in a study of 208 
community college students by^Mltchell (211). 3ut Kamchaturas- (148) ^ 
ai^d Cole (52) both found significant correlations between studenjt 
attitudes toward science and th^lr Achievement In biology classes^ 
Students with more positive attitudes tended to achieve more. 

-^In studies where/this element was represented by self-reported 
percept j^on or prefei^ence. Brush (34) found no evidence of a j^lat ion- 
ship between a studfent*s self image and either achievement , or atti- 
tudinal outcomes*."^ Crawley (55) also found that a studertt^s preferei^ce 
for a course did not seem to be related to attitudinal outcomes. 

Hltile Vicks (314) found no evidence that motivation as an Inde- 
pend'e^it variable was related to achievement in biology, Dallam (61) 
foun<B'thatya measure of applied motivatlon~the student^s study 
, pracclces<*^*was slgplf Icantly reXated to achievement measures In the 
natural;, sciences. 

■■ \ ^ 

y^hi **no-dlf ference" findings related to this element, ma;/ be an 
indlciatar that these variables arre more closely associated with what 
students <lo in learning science rather than the measures of the 
oiftcomes,of that 'Molng." That possibility needs study. ^ 

Summaity ^ « . ^ , 

Study'^^'of the collegian interaction with science learning, is 
producing a substantial addition to our knowledge of students and 
learning. Based on the 73 1979 research, studies that included an 
element of the tiolleglan student filter^ it would appear that boys ' 
and girrs'^ do .equally well in science; students who do well on stan- 
dardised aptitude* tests tend to achieve more; students with^ighei- 
achievement in related high school courses do better in college 



achievement; environmental variables ^such as home background appear not 
to be related, to college science achievement but ethnic origin Is; 
variations In personaloglcal variables such as cognitive development 
levels learning style^ motlvatloit^ and attitudes do not appear to be 
related to science achievement.^ 



The Teacher FUCer 

Little Is reported In the 1979 science education research about 
collegiate science teachers. McKenna et al. (204) did find In a survey 
of 114 college teachers that those In small schools (less than 3»500 
students) felt they w&re Isolated from colleague;? with similar 
scholarly Interests and needed more conmiunlcatlon. In another survey 
of astronomy Instruction In California, Eaton (86) found that astronomy 
Instructors at, colleges and universities usually had thel'i' doctorates 
In astronomy or physics, while less than half of the astronomy 
Instructors In community colleges had a degree In the field. Vhen an 
Instructor did have a degree In astronomy or physics, the instructional 
and observational facilities tended to be better; however, no similar 
trends In curricula or Library resources were fQund. Is completion 
of graduate study a ^^sjjnple prerequisite for effectiveness In Influencing 
college science outcomes? Bpghal (24) studied the achievement of 310 
college chemistry students In two Instructional settings. , He found no 
evidence of any differences attributed to the Instructors. Martin (198) 
Surveyed the results of 1^000 students* ranking of the effectiveness of 
their Instructors and the students* grades as a second indicaj^OT of the 
instructor's effectiveness. He found no evldence^of a relations!^. 

. Thus, ojily a brief hint is founfi in these^ studies about how ^ 
college teadher^s knowledge .is, indeed, an influencing factor on 
studwt learning outcom6S"and an assessment of the college teacher^s 
pedagogica s Is an unaddressed question. 

The Instruction Filter " 

A third powerful cotitributor to thf collegian students* achieve- 
ment and attitudinal outcomes is instruction. Fifty-eight of the 197,9 
research reports de^^cribe the impact of the content^ methods, and their 
interaction withia the cbTlege-scieace -learning'^Tassrooml Most of 
the^* studies dealt with the development and evaluation of courses or 
explicit instructional strategies. A growing number of studies also 
examined the relationship between instruction, and student characteris- 
tic^ in an effort td better understand* observed variations on the 
impact of the college science learning' context on desired outcomes. 
Table 9 sumcitarizes the studies in the six elements of instructional 
filter. ~\ . ; 



Sunmidry o£ Number o£ Studies In the In^ructlon Filter 



El^.ent • ^ ^ I ■ Number 
Content 

What Ideas . " 19 ^ 

Content and Students 

What -Ideas with what students ' 3 

Concent and Teacher * 0 

i * 

Method - ' r 20 

Content and Metho(i - ' * ^ 3 

Content" + Method + Student ' 13 

t 
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In What. Ways Are the Outcomes of Science Learning 
Influenced the Content of That Learning? 

" Although what a student can learn Is largely governed by the co^ 
offerings^ and most of the studies reported In the 1979 sources foeus 
^ the design^ development^ and evaluation of science courses foi/^ 
college students ^ ^,some studies did attend to an analysis of the^lmp^^ 
o^ specific content available for students^^-^ Kyle et al, (168^ and 
Shymansky and'Perilck (270) described the contrast^ In student behavior 
In the laboratory^ as a function off the science dlsclpllne/and l&vel of 
the laboratory. Vannan (3l3) described, the Impact of iiicludln^ suggest 
ology Ih science courses on the achievement of studeivts^. -Hill (123) 
found that adding specific content related to spatl^ visualization 
enhanced students' .problera-solYlng achievement. / 

In the development of science courses^ researchers have- designed / 
many courses to accomplish a variety of obj^^ctlves. I*i Table 10 a / 
Summary of these developmental efforts indicates that in these studies^ 
four dimensions of currlcular developments can be observed. In all the/ 
studies' there is a* description' of the >^als for -the course. ' In addi-/ 
tlon, two studies illustrate hctfthe^ goals can be established. ' Hohly 
(125) did ^n analysis of^ problem sm.ving in^physics^* separated into six 
skills. Jle then surv^yid current: programs to s,e^ which skills were r 
present aftd^.whlch needed. to be^aught — as a basis for elstablishing ^ 
frameyork. Eanes (85) surveyed college Instructors to .secure a \^ 
consensus as to what topics and objectives shouI4^be Ibcluded in an'- 
anatomy and physlology„ cc^rse^ In^addition to establishing the thrust 
'of the courses, the fe^rts described the speclfl<; materials that iwere 
designed to be u66'dyW help students reach th^^^o^Ts^ A ^third aspect 



Table 10 



^ Collegian Science Course Djeveloptikent 


In 1979 Research Reports 




/ 


Researcher ' Purpose 


Framework 
Objectives 


Materials » 
Developed 


Documented/ 
Evaluated 


Dlssem- 
Inat ed 


Celled & Nummeral (53) Cou^rse on Abstract Thinking 
iialyard & Prldmore (116) Natural Science Course 


X 
X 


X 




i 
*> 



Knocha (16Q) ^ 

MollVra/ (213) 
Gerrl^-(104) 
Dymi^ C83) 

-r . 

f 

St. Johns (257) 
Koore'^ (215) 
Meyers (208) ) 
Lorenzo^ *Nelll (182) 

Kales (147) 

San Julian (259) 

Dubravclc (79) 



Practical Application Physics 

_ Course ' X 

Conceptual Based- Physics Course x 

Course on Air Pollution x 

Course In fecology^ for Non- 
Science Majors* x 

Introphyslcs Lab x 

CAl for. Lab Experience x 

PSI Chemistry Course . x 

Biology Lab for Bilingual 

Students ' x 

Modular Chemistry Course x 

Ecology Course . ,x 

Basic Chemistry Course x 



/ 



X 
X 
X 

X 
X 

/ X 
X 

X 
X 
X 
X 



X 

? 



( ' 



X 
X 
X 
X 

X 
X 

X. 
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of the course development f^Nits do(?6mentatlon and evaluation. In some 
studies^ this was done by a pre-post comparison. In others^ a contrast 
group's performance was InclwdeU^ - The fourth aspect 'is the description 
of how the course will be shared with others. In none of ther 13 
devjelopment studlea was thla Information Included. 

While the content of college instruction is an essential and well 
documented focus for study^ the apparent Isolation of these development 
efforts and a resultant duplication of efforts axe a real conc-ern. 

In What Ways Are the Outcomes of the Science L^artring Context Influenced b> the 
Interaction or Content and Students with DifTering Characteristics? 

In an interesting , study with, 93 students in two Intact classes^ Scott 
(265) found that student note-taking skill was positively correlated with 
acadeioic achievements Enhancement of student study skills may not have, 
a high academic priority but It may have a substantial Influence on 
academic success. Elsenberg (91) found that student achievement in a 
general science course was correlated with the Interest in the content. 
But> Haley (114) found no evidence that stud^t involvement in the course 
was related to either achievement or attltudlnal outcomes. 

How students can best relate to the content of college instruction 
*^and th^extent to wjiich that content should be modified to fit the 
student^ is baslcaXIy/an unexplored domain of the scienoe education 
research reported in 1979, 

1* 

In What Ways Aretha Outcomes or Science Learning Influenced by the Interaction oFCon tent 
and the Teacher? , - ^ 

In the 1979 reports of science education research^ this element was 
pot found. Is thl^ because we expect all college teachers to be experts 
In all courses they teaqh as well as experts in how to teach them? 

la What Ways Are the Outcomes of Sj^etice Leamitig Influenced by the Insfructiftnal 
Methodologies? : ^ ' 

How teachers structure or present content continues to be a topic 
of high lat^est to researchers. Sogie of the studies examined a global 
or course^t^ateg'V vrfille others tended to look at the Influence of a 
specif 16^ tactj,c on student outcomes. ' St udles of specific tactic^ Included 
one by Beasley (17) who questioned the impact of physical or mental 
practice on psychomotor skills as enabling factors In^chemlstry achieve- ^ 
inent. In \iis sample^of 400 stt^ent^^^ he found either by^e of practice ' 
oor thelr^ combination resulted in significant achlevehi^nt differences 
'vhen compeared with 4: He control grQup. With l03 students, Blum (22) 
^ound that the ^se of a structured game situation helped them overcome 
lackVQf essential knowledge., In a studje^of 15 deaf college students, 
Braverman ^et al. (^8) found that using visual rather than verbal clues- 
helped these *styi^ents acquire information on the Kuman circulatory system. 




In examining the Impact of visual clu^, H6ntgomery (214) found that 
photographs, rather than shaded diagrams yor outline drawings, helped 
the achievement of college biology stude/nts. Kennedy (150) contrasted ; 
teaching anatomy and physiology with videotapes and conventioTial 
laboratories Vith no instruction. While he found that the , treatment 
groups did better than the coTitrol,yTio'e^(^ence of a difference" between 
simulated videbtape expex^lences anp hands-on labo¥atory instruction were 
found^. Stout (286) studied the use of demoristration models in a stereo- 
chemical unit in organic chemistry and found that it helped increase 
achievement. Noble et al. (2220 compared the effects of using a slide/ 
tape or cine^loop presehtation of^a microbiology laboratory skill and 
found no evidence^of a diff^ence pn the impacts 

? # ^ ■ ■ . 

Wiseman (330) r^orLed on the usefulness of a discussion petiod 
after a demonstration ov aspect^ of Kinetic molecular theo^f* He found 
-that_ach lev erne nt was iricreased for 50 percent? of sjtudents tested after , 
the demohstration to y90 percent for students tested after the demonstra- 
tion and discuss^on/period. Yeany et al. p36) also described the 
Impact* of a modifi/d instructional proce<|ure. With 95 college ITiology^ - 
students, they foond that those who had perfprmancfe objectives, 
diagnostic tests, and timely feedback did significantly better on both 
achievement anp .attitudinal outcomes than those who fkad .performance 
objectives omy^ Mat'tox (199) found that providing students with 
either performance objectives or topic 'overviews^ seemed to influence 
their achievement. ' . " 

Thj/s, the studies involving instructional tatties seem present 
a positive collection of empirical evidence that sources of inf^ormation . 
forthe students and the organization of that information are powerful 

t^ences on the ' collegian^s achievement and attitudinal outcomes— 
eyen when specific charactetistics of the studwts or teachers are not 
)nsidered as variables in the study. - ^ - 

The studies in^which instructional st&ategie^ were "the key "inde- 
p^dent variables seem' to fail in two grouffs — those that (ixamined an 
aspect of information source for, .students, expository lectures air » 
direct experience laboratories and those in whic^ the control of the 
information pace was a factor, i.e.^ student control or teacher control. 




In a ^tudy" with 500 college students, Saunders and Dickinson (?61). 
a^^e4— tbe._$chiev^ment and attitudinal outcomes of students who had a 
iecture*laboratJ>r^'''srr3tegy.jjith those who had, lecture-discussion. 
Thejr foun^that while both gi;oups^-^iia4e^ignlf leant gains, thdare was no 
evidence of a difference between tMatmerTtSr-^JicLeod (205)' compared the* 
achievement and attitudinal out^feomes of^i05 physJcS^tudents when.they^ 
were la lecture-laboratory or lecture'only treatment andFiJntwLjjo;^ v 
evideilc^e of a difference in the outcomes of these two groups. Paul3«iN 
(235) contrasted lecture-laboratory with lecture only and a*' lecture vtHv-^ 
delayed laboratory. TJpse students who had the laboratory did signifi- 
cantly^ better on their achievemeijt. Williams (327) contrasted present- 
ing a problem and pro^cedure before lecture with the conventional' pattern 
of lecture followed by the laboratory. He^fDund that the experimental' 
treatment students did significantly "better on both achievemeht^^atiii 
attitudinal out:c6me measures of . genetic^. Bodine ^;23) usid^_j^^ 
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approach as a guided discovery' for'a Creacmenc group and compared Che 
outcomes with a iconvenclonal biochemistry class. She .found signifi- 
cant differences In student attltudlnal outcomes In four of the treat- 
ments \>ut )tto differences In final gi;ades. 

The 'pattern in these studies suggests that when students and 
content .and teachers j^re- not isolated as some of the variables expected 
to influence outcomes^^ most students benefit from having access^ to both 
expository and hands-on^ sourpes of information. 

The extent to which the atudent^ is i;i control or managing the pace 
of information is another topic researched. Schlenker (262) inquired 
into the impact of AT chemistry and found that students did not appear 
// to be' interested in acting in the role of pace managers. When Gillespie 

I' (106) compared AT biology with conventional lecture-laboratory^courses^ 

he found that student -managed instruction yielded hlgher^achievement 
■ (more C's and fewer D and F grades) than d id j teacher-managed instrUc- 
tion^ but no evidence of a difference in dropK^ut rate was found. 
/ i Kirkland (156) found positive. correlations between AT Instruction and 

achievement in^genetics in a self-paced course but not in conventional 
lecture courses. Cise (A8) reported that \n a studei^ -paced PSl physics 
course - achievement was significantly higher than in a contrasting 
ins true tor -paced course. Ozsogpmoriy&n (231) also found that .student 
pacing of instruction in chemistry was superior to teacher -managed 
instruction. 

With the several studies as ^ basis^ 'the importance ofr students 
pacing .their information flow seems to *l^e a greater influence in their 
ac'bievement than their source o4 information. Maybe making the student 
active in the decision-making process of when to learn really results 
in more actual learning tijoe— which is reflected in higher .achievement. 
^ * Study of the relationship between learning time and outc^es needs to-. 

be itiitiated in. order to aaceftain if i;he Impact is really, the ^ti^tegy 
or a resultant increased learning time. ^ \ 

Id What Ways Are the Outcomes of Science Learning Influenced by the Interaction of Content 
. - and 'Methodologies? ' . . 

' ' ^* 

Global descriptions of the impact of che total curriculum the 
college level were less frequently reported ^n the 1979 studied Chan 
at. other levels. Trowbridge (3Qj6), di'd describe th^ results^f inter- 
views with 300 pjiysics students- and their reflection on the impact 
their total programs had had in helping thein to understand physics. 
^ HamelinkT(117) described contrasting** impacts of toSal Instructional 

sequence in laboratory courses in engineering an^ Hihsey (155) found 
that a course designed to have hn impact on environmental knowledge 
.and attitude was successful in infXuetlcing the knpVledge of 141 
att*Jents but^not their att;itud^sr, 

Research studies on the' impact 'of> total curricula at the college 
level may b^'ot interest, to^st^e decision makers^ t^ut tfhe practical 
usefulness" of rese'arch for the fnstruqJjDr may be so limite^'that f ew #^ 
are attempt^ing^studi^es of^* (This elei|ient. . ' , 
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In What Ways Are the Outcomes of Science. Learning Influenced by the 
Interactions of Content and Method with Students with Differing 
Characteristics? ^ 

Consideration of the impact of instructional tactics with students 
of contrasting characteristics was foiind in four research reports, 
tiucas 085) found that when all students' achievement was considered, 
using advahce organizers did not seem to influence achievement, but, 
when student cognjLtive structure was matched with the type of advance 
organizer used, significant differences were found. Students who 
.function at % factual level did better with factually designed advance 
organizers and students who functioned at a conceptual level ,<iid better 
with conceptuallyHDriented advance organizers. Davis (67) found that 
formal students ^did betjter with low complexity problem-solving dasks 
while concrete students had dif f iculty %ith all problem-solving tasks. 
Bailey (12) found, using a model of problem salving as a tactic, that 
the student *^s high school experience and aptitude showed significant 
interactions with the achievement variables.^ The teacher was much more 
effective with students who had had a better background and had higher 
aptitudes. Petric)i (239) examined t^ie impact of specially prepared 
material to. augment lectures and found that while general results 
showed little difference, consideration of the ethnic background of the 
^ 6t>ident showed significant differences. Some students seemed to be 
actually hindered, by too much organized information about the lecture. 

When more global instructional strategies are considered, Yeany 
et al. (337) found that the learning styl^ of the student "internal/ 
eternal'* did not seem to help explain the significant differences they 
found in achievement between « diagnostic/remediation-straCegy^and 
using object;tTes. only. Filson (94) reported that students of higher 
process achievement had better attitudes in geology classes taught b^^ 
eitheir ^pository or guided inquiry but that no evidence was found - 
that either the treatment or treatment plus student characteristics 
analyses showed differences in ach^i^eme^t. Ch^roenpit (46) found 
that an inquiry ^trategy resulted in significant differences in college 
chemistry achievement by 176 freshmen bu^ that student cognitive 
development was rtot a oseful prfedictor of success. Mackle- (I92f) 
studied the usefulness of providing college' biology students with 
behavioral objectives (they were useful), especially when^ the learning 
style (field dep^endent or independent) was considered. S^e found that, ^ 
with a sampre of 3^6 biology students, the field-dependent ^students had' 
better attitudes tqward^the instructor-, biit there was no evidence of a 
learning ^tyle/achievement relationship, Boghai (24) found that 
laboratory before;le^ture was more effective than laboratory after ■ 
discussion with chemistry^studefies of low 'aptitude. .With the higher 
aptitude students, the treatmejcit strategy appeared to^make. little 
difference. * / - . - < , > • 

Ward (321) experimented with a specially designed laboratory and. 
*found that, while the treatment seemed to produce no difference in 
achievement, a treatment by^ cognitive developm^t variable did,. 
Formal students did JieCter in his laborato/y se^ence, Vole (52) al^o 
found 't^lat sttidenttf^ with higher ^aptitudes and more positive attitudes^ 
^id better in modular ,^struction than did. students of lower aptitudes 
or less positive attitudes. ' ' - , . \ . 



When Vicks (314) tompar;ed the relative 'effectiveness of a PSI 
course in college blojlogy with student characteristics, she found that 
student, aptitude was a significant" factor in expraiping success, 
^Trunmeb (307) found that the mathematics background of the student 
was a signifif:ant predictor of success when ^student-related discussion 
was controlled with teacher interaction discussion in physics class* 
The treatments^ were most helpful for students with weaker backgrOirhds, 

Summary « ■ ^ 

In the 141 studies in which the science learning outcomes of t-he 
undergraduate collegian were studied^ variations in these Outcomes 
were*found to be idescri'bed in terms of the element of these filters, ^ 

The Student Filter (n » 79 studies) 

A; Gender - no consistent differences found 

B« Ability/ Aptitude ^ higher aptitude students better 

than lower aptitude students 

C* Previous Experience - excellence in pigh school exper^' 

ience clearly Is related to success 
- in coj.lege achievement ■ 

P* Enviroiiiiental .Variables - ethnic o^rigin may be relateci^to 

achievement but too few studies 
^ were reported to show a cl^r 

* pattern ^ 

PersonalOgical Variables - no consistent difference foi^ ' 

The Teacher Filter (n * 4 studies) 

A. Teacher Knowledge' -> too few studies to establish a 

. '1 ■ , pattern 

Teaj^he^ Pedagogical Skills n too few studies to establish a 

pattern 

* . , ■ 

' The Instruction Filter (n ■ 58 studies) 
'J . . ■ ' 

A. Content " - content of instruction is clearly 

' ' related to specific achievement 
^ ' Outcomes - 



*B. ' Method * -j expositot^y and hands-on strategies 

are both effective 
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SEARCHING THE CONTEXT OF THE SCIENCE TEACHER 

A somev^t unique, context of Interest to researchers in science 
education goes beyond the usual K-12 anyl collegiate contexts to tho^e ^ 
learnlfVg Experiences .In vhlch the preservlce^ and Inservlce teacher is 
the leamet. ' In this context^ ^ number of studies were reported in 
1'979 In which the teacher was the, student and explicit achleveinent. and 
att^tudlTial outcoroes'were expected.. How this **acqulsit Ion phase** of 
teacher education Is related .to the science classroom or ^'application 
^phase** i3 reported elsewhere. In this section^ the research studies 
will describe the 1979 evidence th^t^>the science teacher^s pedagogical 
developtftent Is significant topic J?^science education, research 
interest. 1 ' ' . . 



The Student Filter ^ ^ 

' In the science eduQation research studies reported in 1979, 33 
studies inclujded elements of the student filter. The students in these 
studies inay have been the preservl^e teachers whose experience in the 
classroom was primarily that, of ^informal experien<re ojr of some. form of 
field-based Instruction. -In some of the studies,: th^ student^^as an 
Inservlce teacher with quite a Tange of teaching. jexperien(^4.^ Studies 
in thls'element were grouped into the categories of^genderV ^ilicy/ 
^aptitude, a^e and previous e^^r^ence, environmental varla'^les, and 
personaloglcal r ^ ^' 

In Whet Ways Are the Outcomes of Science Teaching Pedagogy Different for Men Than for 
Women? ^» " " ^.1^ 

In four studl^St the outcomes, of /pedagogical Instruction compared 
men with women. ' In only one study 'wa^* evidence of a sigi^if^cfant 
relationship found. Marcum (l96) foi^nd that women leaned more aero-' 
space Ihfomatlon Dhan did n^n^ but their vll^lngness^o use ^hat 
^information was similar tojnep. In codrrast, Ihrllch (90>,did not 
fln^ evidence of a gender -related differat^ce In achievement of knowledge 
related to energy conservation. Halverson (115), MacMlllan \jll9l) , and 
Ehrlich (90) also found no evidence o^f ^enderr^relatedij^lff^r^Sices it\> 
attltudlnal outcomeSv— 

^ In 'this limited rh^ber of studl«4'f genfder 4^es 5iot appear to be 3 
variable of Importance. In the one/c^se^^of difference it may have b^^n 
a function pf .lack of preylous experience- or a measure o£ lack of know- 
ledge that resul^ted in tHe significant difference^' ^ 

lo.What WtysVe the Outcbtnes^of Scteoce\ea,ching 14 • * 

Different for Students-^of Differing Aptitude or'Abitity? • ^ 

Ifo-^studieg wefre in the t^^9, reports of research in which * 

aptitude or ability' mMSuife^ werfe included, Is this because of the 
expet?ted bomcj^enfe^it^Jrvf^ the preservlce. or iTiservlce teacher popuJratidn? " 



Table H 



%ese&rc,h Studies Related, to the Student Filter In the Science Teacher's 
= , Pedagogical Develo^ent Context 



:CleDtent 



No. of 
Studies 



Related to* . ^ Related to 
Achievement OuTComes Attltudlnal Outcomes 



4© 



A > B A < B 



Gender 

Ability/ Aptitude 
Age/ Previous- Experience 
Environaiental* Variables 
, Personalogi^al 



If! 
5 

5 



4 

11 

4 

2 ^ 



A > B A < B 



Have Che usual* screening procedures resulted ^In \a de**facCo rediictlon In 
Che variance of this element of" the student fllder'to the extent' that a 
* stu'dy of this elcSlfent Is of little Interest? , Or -are researchers afraid 
that, the distribution of ' ability levels that would be found would be 4:00 
low and thus worrisome? ' * 

In Wh4t Ways Are the Outcomes of Science Teaching Pedafogy ^ 
Different for Studehts of Different Age 6t Previous Experience? - 

In add^ltlon to ,a teacher's age and previous .sclence<|:ourses, an ^ 
ln<flcatar of; this, element has frequently been-'the number^of years of 
teaching^' experience. As an Indicator, a preservlce or inservice"^ 
teacher's age has been reported an independent variable In thrive- ' 
studies. Cunningham and Blankenship .(60) studied- 5,6 preserVlce 
teachers and foupd age to be a significant prei^ictor of the maturity 
level of concerns they ha4 about teachlng^sclence. 'With a sample of 
138 Inservlce teachers, Halversoo (115), howeveri did- not .find evidence 
of a relationship'^ between age and attl'tudinal outcomes^. Krustchlnstcy ■ - 
(165)* found similar results In his siudy of 154 preservlce teacher^. 

A second Indicator of previous experience Is the cbl-leglate bacl^- 
ground (if th« !Stud6nes. Tolman and Barufaldl f301-) found tvp' evddenie 
of a reiat^oqship b^twen&n college^ science hours arid experienced 
teachers.^ attitudes toward science-. ■ .Riley (2J51J fbund sl-mllaf results ; 
In a study with 90 preservlce teachers. He did find, hoyever, a sigrii- 
. f leant pf^oslt Ive correlation between the preservlce students aiid .their 
achievement in understanding science and -In'performance of process , ^ \ 
^kii^i. Halverson- (115) found a significant but negative (:orrelat"ioh 
between Inservlce teachers' college .science backgrounds add, their 
attitudes toward science.- ^Kiustchlnsky (I65j fouiKl no. evidence of :a; ,^ 
telat^onshlp between college grade p6lnt average or numb€r,pf"i)ours'of ^ 
science or mathematics and attltudlhal outcomes. MacHlllan (1^1)\- / 
^Weaver et al. (324), and Gatesi (l62> also found no evidence . of r>ll^t;ion- 
shlp between college experience, grades or courses ajid attitudes tVWard 
science, or science teaching. * , . ' / ' " /, 

, A third Indicator of the'^rfev^ous experience element Is the pr^y, 
service or Inservlce teachers* prior knowledge as assessed. in pretes-tSL^ 
Shaffer (266) studied 57 preservlce teachers and found that, th^t \ ' 
IfeVel of moral rea^onlng-as an outcome measure was significantly . . ^ \ 
as'soclated with their pre-measured morel stage. In a safttplte of -lJ8_jf\ - 
Inservlce teacl^rs, Halverson (11-5) .found a' significant correlation^ 
between the teachers' pretested knowledge of Science Improvement ' 
Curriculum Study and their >ttltudlnal^ outcome changes, 



>f Wti^F-^lcment U 



' f The fourth, and more frequently used, indicator of wtiip-^lGment is 
the t^cher*s years of teaching experience. Cunningham and Bl^nker^shlp 
(60) found tTiat years^ of- teaching experience was correlated with ' ■ 
maturity ^bf "concern Iqservic^ teache'rs had .about science^ ^£^^M4jig. * . * / 
Tolman and Barufaldl (30L) ,^^^wver, found -^no evidence tjf i 'rel^tipn- 
shJ|> between teaching exper^enct^nd »attitu^es toward science/^ 
Strickland'and Staver (287) 'stydi-ad ^10 preservlce and inservlce 
teat^ers and, found a negative correlat^ion betweeR botrh-^achievement 
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and attitudinal outcomes. Those yith less experienc# gained more .know- 
ledge about, ecology and changed their attitudes the most. In contrast, 
Halvei^son (115) found that^the more' teaching experience, the' greater 
the attitud^ change. 'In three other s^tudles (Gates, 102; Marcum, 196; . 
Ehrlich, 90) no evidence of relationship |was fourid between either- 
knowledge or skill gained or ^ittl^ude change and number of years ' 
teaching experience. y 

In retrospect , this elemenp'may be an important o^^ for some ^ 
specific outcomes, but the general pat'tem suggests that* age or pa&t . 
experience need not be considertfed a limiting factor in enhancing the 
pecjagogical skills of science teachers. 



In What Ways Are the Outcomes of Science Teaching Pedagogy Related 
fo the Teacher's Socio-Economic Environment, and Ethnic Background? 

In addition*l;o conventional indicators of aspects of the environ- 
mental element of the science teacher^r-race and geographical' location, *^ 
the grade level that a teacher teaches is Included as an environmental 
factor thcu^ht to -influence achievement or attitudinal outcomes. ^ 
MacMlllan (191) reported ^the only $tudy in^.which the teacher's cace 
was an independent variable. • Re found no evidence CjS a racial 
difference in either self ^doncept of '^cha^ge in dog^l^tism in a study ' 
of preservice ^e^chers. Str'icklaod and Staver' (287U compared Indiana 
and ^orida teachers' ecologic&Z knowledge and attitudes tovaird k 
ecology^ They found Indiana teacTiers surpassed Flcrrida 'teachers on - 
both outcome^measures. Why this was true Represents an unanswered ^^^X 
questign. Grade leve^ taught* was* reported in t.hr^e studies <CunninghBm 
^nd Blaftkensliipi 60; Tolman^and'*Barufal^i, ^301; 'and H^lversohi 115). 
In all^^ljree, no evidence was forund t;o support the hypothesis that 
grad€ level is a useful predictor of attitudinal outcomes. However, 
Cunningham and Blankenship (60) found that the subj^ect"* a teacher teaches^ 
was' not related to the maturi^ty "of 'their concern about teaching. The ' 
more c^petent or comfortable teach^ers are' witl^ subject , e.g., read-^ 
Ing, the more mature ^re the^r general concerns about teaching. ^ - 

Thus, it appears that environmental factors in. general are* not ^ 
productive predictors of success of limits to achievement^ in pedagbgi-/, . 
cal ^f?Velopmejit . * . ' ' 



Ifi^What Ways ^re the Outcomes of Scifnce Teachtag Peciagogy ^ - — 
Rlelatcd to Teachers' Pei^nalogicaKVi^iablcs?. 

„ TwjfS fitudiea were fpund^^that explored aspects of this elements 
Shaffer (26fr) ^tudieji 56 pte^ervlcej^cience teachers^ and found *th^ 
otiose who wer6 at the formal thinjclng.lefyel lof. cogpit.ive iievelopment 
achieved a higher^ievel of^moral reasoning. He- found, hovever; that ^ 
the learnipg; style, (internal or exterijal)Tdid npt seem' to^.shcuf 'S^ 
«lmii^ pattern. jIn sample of X39 pregp^vice' teachers, ^xt<f.^(p^A) 
also /fo^n^ no eyidence that students' l'(^arning styles {internal! ipr , • 
external) w^re related t& their perception o^^ what, they thought ^should 
:be 'the^role of a science -teacher. \ \ rl . 

: ■: - - • o.. ■ .. - ■ .. : ' . ' 



In the three studies that Included this element^ It was indicated 
by Self concept, 'at^tltudes, or jdogmatlsm, Shaffer (266) found a 'pre**' 
.servlcfe teaGher*s" self .concept dnd attjttude significantly related to 
^achievement , . The precise usefulness of ,ti}e ^Indlcatqr of openmlndedn^ss 
as contrasted vlth c^osed^m^dedhess oi: do^atism Is unclear. Weaver 
et £^1, (324) found that the more Intel llgent> assertive, and Imagina^ 
tlve teachers were, a$ laeasured by a dogmatism scale, the mote positive 
their attitudes tDvaE'^ science, JPrlce (244) found that dogmatism 
seemed not to be' related to the science tfeacher role as perceived by 
preservlde teacher^:- ■ 

How per^9|ialQglcal .variables Influenjie the outcdtae of pedagogy 
l^ff aii area that remalnsf- largely unexplored. 



Summary ' . " - ■ ^ , 

^ Ei«iienf'S ofythe stiident, fllte? that appear to Influence teacher^' 
acqu-isltic}? of 'knowledge^and- Skills .In sci^ence teaching were reported 

^n 33 studies^-. In; tbese' studies; men appear to do as well as women; 

■ ag^ of past, experience l^ 'iw a /&se£u^ pMdlctor, neither Is an 
eiivlroiunejital factor, :AbliitleV^P^itudes and p^rsonal'oglcal -variables^ 
were, not, studiedi"" ' ' ^ • / 

^ S^rl'ence. teacheijs ar^^.t>\e students of 'science teacher ^ucators, 
TlaeXfi**f*i^ch;^f^,157^ is quite ^^jul^aboot the Influence of these 
edOcat6]fa w butc6iit3&3; .WlliWiijM^^ < 329) did report t^iat teacher^ 
edtu:ato,rs ^re mach1ino,7e' i<|e,aiistlc ^out w}iat 'couI^ and should happen 
In tHe^ science. G^ssro'oA t^n' we're high sohopl scle^o^e teachers. They 
yi£Vfed Science *1q a le^s practic'al sense ^han^dld teacher,s. In a * / 
Survey by Ovens jC230}f a sinillar result' was Aund — a much more 
Idealiitic view Ws held b* science teacher educators thai^by.high 
scHool ;i9tcle^e 'teachers in his Texas sample. Price (244) reported 
an Interest^lng study in wfti:h he found the preservice teacher*s percep- 
qipn af the role of a science teacher to be significantly influenced 
^y the tpacher "educator's perception of that role, , 

fWe have very scant -evidence on which to ba^e Inferences about^^wj^at 
l^owledges 'and skills tea^cher educators ne^d to be successful in work-' 
Ing with science teacher development, / 

The Instruction Filter^ . ^ / . 

' V ; The study of ways In. which sclepce teachers can improve their , 
%edago^Jcal Sl0.11s irohttnUea Xq be^a/hlgh- interest area reflected in . 
th^ 1979- tfesearch repofta, As;, summarized in Table. 12,' these 32 studies 
were Beastly dttect^d toward Identdfylngvth^e- Inipact of eitber^'specif ic ' 
' content-' i>r. more, global *.cli!frlcqla f^or outcomes, with some 

atteitlon to Irowi^rements oi ^tJie.-ihstrMctipnal filter may' be Inter- 
act!^ with' ttU;.rtude:n^^ fiJ|^er> "\ ■ ' ^ ■ ■ ■ » 



Table 12 

Summary oF Studies of the Instruction Filter 



Elements ^ ' ^ . , No, of Studies 

^ 

content ^ ^ ■ ^ ^ 

What Ideast, . ^ ^ ' ' 10 

Content +^tudent - ' ^ . 

What Ideas with what students? 1 

^Content + Teacher , . ^ 

' What idea* with wlfet teachers? " . ^ ^ 1 

Methods \ ' * 

What Instruct^lonal strat^ies 3' 

pontent + Method _ \ ^ ^ *] 

What curricula? * - ' 10 



Content + Method + Student 

What curricula with what students? ^ 7 



( ^ ^ ' \ 32 



In W4ik Ways Are the Outcomes of Science Pedagogy Influenced by the^ontent 
lostr^/ctibn? . . ' 

Wh^-le inost' of tne studies relatlji^''^othe content of the pedagogi- 
cal 'instructional Jllter related -^o evidence that specific knowledge 

: or pedagogical skill pcyild'be successfully acquired, , one study fepqrted 
what high school biology teachers thought should ba taught to prospec* ' 
tlye s'clence teachers* James and\Stalllngs, (138), reported a survey of 
200 science teachers In which they descrlb«£d what^hey beltey^ 
teachers needed to knbw ^n ordf^r to Introduce- laboratory, exercises, 
care for ai}<fi}i8e the terrai*ium^and aqaarltm!, ' construct biological 
mo^^lSy procure and use low' budget- equj^^ioaent'^ laalntaln laboratory 
fa<:llitl«^^ con^tr]dct. ho;tiemade. equipment, ^d^to be familiar with the 
lac^l flbra^ Md fa^na*- Tt"»wDuid be Intetesting If there were more 
s'todles-of^jthls natui;e to prjovlde a {rool of practltibrfer-generated goals 
wi,th-!whfch-fdrogram eContent ^ could. be contrasted,. This goal delineation 

^Is^a first, $tep iA a m^^fl -fot^ 36veloii|ng an un^jsual program as cies — 
crlt^i l>y ititler "(38)t, Otbfer stjjdles 'were an .examination of specific , 
teaciving/skll-ls*-. These arc- summarli^d/itt Tafcle 13*> Being able to 
provide empiriMl evidence 'that a specif fc aftpect of pedagogy can be' 
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' Table 13 








Summary of Studies on Content of Pedagogy ^ * ^ * 


i 

Investigator 




Population ! ' 


Skill • ' / 


Crawley & Krockover 


($6) 


Secondary Preset^fl^- 


Use of higher and lower order questions* ^ / 


Wright (334) 
Dreyfus Cohen (78) 




Elementary Preservlce 
Secondary Preservlce 


Using cues t*o help solva problems. ' / 

/ 

Using an observation scheme to understand - / \ 
classroom, ^tud)ent behavior. / 


Lamb et al* (171) 




^ Secondary Preservlce 


'Using higher k^^tlc students In lectures. 


Crawley & Krockover 


(57) 


Secondary Preservlce ^ 


Dlstlngulshlng^^atlve from positive student ^ ^ . . 1'! 
classroom behavior* 


Bowden (26) 
* 


\ 


. ^ Elementary Preservlce , 


Using an observation scheme to understands 
classroom student be^javior* 


tewts a 78) 

■ « 


\ 


f Secondary/ Inservlce 


Using student feedback and self aAaly^ls to 
change teachings behasjlo'r*. ' . ^ 


Sym<ngtofi^(290) 




El^inentary Preservlce 


Ways ^o "present problems to students. ' 
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acquired is .ati' important first step. Being able to show that it ^ghoul d 
be acquired because it facilitates productive st^ldent behavior or out- 
comes is a second question unaddressed in the science education research 
repeats of 1979* 



In What \Vzys Are the Outcomes of the Pedagogical Science Learning 
Cd^tent Influenced bydn Tnteractton Between Content and Student 

Differences? ^ . ^ ^ ^ 

*In the one stud^. reflated to this element^ Campbell (40) studied ^0 
preservice and inservice elementary teachers^ reading comprehension to 
see ^ instruction in process skills would influence their performance. 
He found that,^while instruction did make a difference, no evidence 
was found th^t the amount of teaching experience was related to t\)e 
achievement outcome. 

la What Ways Are the Outcomes of th^Pedagogical Science Learning Content Infly^nced by 
an Interaction Between Content aod' Teachd^^ Charactiristits? " / 

^ ,In thfe one study related to this element in the 1979 reports, Price 
(244)^ studied 232 preservice elementary teachers* perceptions ^f what 
was the appropriate role of science M. the classroom^ While Jie found . 
*that this role was significantly different for field-based versus non- 
field based methods instruction^ he also found that the methods cour^se ' 
instructor was a significant Contributor. Intuitively; we believe that 
what instructors value will influence their teaching* How powerful 
this influence is ronains an area of challenging research: ^ 

In What Ways Are the Outcomes of the Pedagogical Science^learning Context li|b»^ced b> 
the Instructtonal Strategies? ? 

In tfi^ tnree studies of aspects of this filter, investigators were 
attempting to show that an ;lnstrucftonal strategy could produce a^ ■ 
desired outcome. Bluhm (21) us^ a sample of 54 preservice elementary 
teacher^'and found. that a hands-on inst^ctlonal strategy w^s mQre \ 
effective than .was an expository strategy in helping students acquire 
and use process skills. Horak (l30) Contrasted field-based experience - 
in open and self gjentfained classes V^th on-campus e^jperience only ^nd 
found th&t each was' effective for different objectives. Deture i/Z)^ ^ 
in a sttrfy with 4i preservice eleirtenjtary teachers, found that, through 
video and* audio modeling, teachers can acquire better wait-titi^ 
performance. / ' ■ 

Although" the studies of this element are few in number, they do 
show evidence that how teachers have the opportunity to learn new 
skills cati ind^d be an Important factor i^ their acquisition of 
those skills. To wh^t extent is the method used'^in acquisition^ also 
an" important factor in the teacher's application of those' skills? 
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In What Ways Are the Outcomes or the Pedagogical Science Learning Context Influe^nced h> 
the Combined Content and MetAods,— or Curriculum? 

\ - ^ ^ ' y ^ ^ 

In Che Cen studies t^laced Co chls element^ researchers reported 
on the cumulat^lve impact o^ a course or a workshop cm, specific teacher 
achievement or attltudinal outcomes. Koballa and^Coble (161) found 
* that when professionally relevant^dctivltles wer£ included in a biology 
> course, preservlce teachers* attitudes werekmore positive. Krammer 
^ (i62) also found that the inclusion of activities in a biology course 
resulted in improved attitudes toward sdienw teachings Piper and 
Hough <241) found preservlce teachers*- attatu<ies after a methods 
course dfere^ignif icantly different .fron/the attitudes of those who 
had not taken ther ccAirse^ Dunn (84) studied 59 preservlce elemeintary 
beacher^- auid found that the methods<TCOurse helped them^to use ptVblem- 
solving strategies. 

When inservice workshops were evaluated^ Shrigley et al. (268) 
found that teachers had more p^itive^ttltudes towaVd science and < 
their role; Spoon^r and Simpson ^272) found teachers had more positive 
^titudes toward teaching science. Myer (219) found that the teacher 
took more time"^for the subject (environmental education) and scheduled 
xm3re,'field'trips; Daltotr\(62) ,found teachers made greater use erf the 
curricul;im* materials fenergy ^education) and valued them more; a^nd 
Gabel and^Rubba (Wl^^ found no evidence of attitude or Rerformance , 
differences. ^ . / _. , i 

^ In*Gabel and Rubba (101) and O'Sullivan's (229) studies /there is 
a somewhat ^un^ue aspect. The out!temes the^ looked for were more than 
d attltudinal changes. 0*Sullivan found that teachers 
ut also used the skills in their cl^s^room. These studies 
jfCftjiises and workshop participation are reflected in acqui- 
res. More research dfe heeded to sbow if these outcomes 
to what^ teacher^./do in t^he classroom, to what their 



activities 
knew more 
show t 
sit 
ara 
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ilated 



students doy and to what their student s^learn. 



Itf What Ways Are tlie putcomes the Pedagogical Science Learning 
Context Influenced by^^e Interaction of Content) Method and Student 
Characteristicsf ^ ^ ' ^ 

The seven studies in this element dltifer from the curriculum 
element mainly in their adde^ dimension of asking with what kinds ^ 
of students are courses or workshops effective, \hile Weaver et al. 
(324) did not find evidence that field ex{}erierice influenced achieve- 
ment and attltudinal out<iomes btit when pSj^sonality'factoTs were 
ccHisidered^ a different effe'ct was observed. ^ , The mdt^ dogmatic pre- 
servlce teachers were» tjie greater their benefit from field experiences. 
Krustchinsky (165) did t»t find similar evidence i^i his analysis of 
studient characteristfics on the* impact "of field experiencfe with pre- 
servlce teachers. In his sample of preservlce teachers^ MacMlllan 
(191) found that the course itself was a' factor in influencing change 
in their ^Jelf concept and dogmatism scores. Shaffer (266) determined^ 
that knowing students* cognitive levels and attitudes was, essential 
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to fielding how much 3 course influehced their achievement. In 3 sample, 
of 138, HaJLverson (115)" foundf 3 negative relationship between teaching 
expedience, college science ba%:kgrpund,^ and how much teachei^s gained ^ 
from an inservice course. Marcum (196), however, found thatf a teacher*s 
grade level was not a helpful* predictor of knowledge acquisition in a ^ 
workshop. Gates (102) described a model for an inservice workshop when ^ 



teacher characteristics were correlated wit-h 
all teachers seemetf to gain equally well. 
S 

Sumniary * / ^ ^ ■ * 



outcomes, ^e^ fpund* that 



- - In the 68 studies In which the'tficience learning outcomes of the 
context pf science teacher preparation were studied, variations in ^ 
these outcom&s were found to be described in terms of the element of 
these' filters. / 



The S 
A.. Ge 
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Filter (n - 33 studies) 



B. Ability/Aptitude. 

C. Previous Experience 



- no consistent diJ^erences were_ 
found * ' 

* no' studies were found of this 
. element 

t 

* as indicated by courses or number 
of. years of teaching experience 
does not seem to be associa'ted 

.with outcome variables' 



D. Environmental Variables ^ - np consistent ^differences found 

E. Persona logical Variables . - too few studies tt> ^stafclish a 
^ ' pattern ^ ^ 



Th$ Teacher Filter (n - 3 studies) 



Aj Teacher Knowledge 



he 



too few studies to establish 3^ 
pattern , ' 




B. TelCher' Pedagogical SkillsNrloo few studie*s to establish a 

>atterii^ 



The Instruction Filter (n - 32 s 

*■ 

kj Content' ^ 



ies) 



B. Method 



- teaching skilla/tah be acquired 

( r 

- how teachers are taught is an ' 
unexplored area of. science educa- 

' tion%research 



MEASUREMENT INSTRUMENTS FORIlESEARCH IN SCIENCE 
EDUCATION , 

In the more than 3A0 i^search studies reported in 1979y 1§ des- 
cribed efforts to develop oi^ improve the Yieasurement tools rescarcliers 
need, A hypothesis that an ^lerAent of a filter is related to x>r is 
inCluenping the outcome variables must be Rested with valid and 
reliable instrumentation, Sin^e most'of the -independent and dependent 
variable^ in science education research require indirect measurement^ 
the instrumentation needed to qondust reseai^h in science education 
becomes even more critical. While other stuSie^ di(i include the dovel- 
opraent of an instrument as part of their procedure, the studies described 
in this chapter include those for which measurement' d^evelopment was the 
primary purpose* of the research. 

Of the 18 test development st6dies reporte^ in 1979, 9 dealt with 
the measurement of achieveiQent and attitudinal outcomes; 4 des(;ribed\ 
measuriement of eleme^nts of* the student filter; aAd A focused on an 
emerging variable: teacher behavior in the learnl^ng contexts 

^ ' \ 

To provide the information that a user needs, \a study describing a 
measurement scheme should include: ^ 

a) An operational definition of the construct \o be measured; \^ 



b) A discussion xrf the alternative means that cquld be us^d to 
measure tha\: construct;* 

c) A description\pf the test strategy used inclu4\ng directi<?ns 
for its administration; ^ 

d) The estimation of' the validity dlf^ha test 'in. measuring the 
construct; 

.e) The estimate of the reliability of the test In measuring the 
construct; and 

» , 
f) A description o£ the people for whom the test would be useful 



\ 
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In Table lA the studies reviewed in t,he chapter are sumiuarized 
their reports reflect these six criteria. 

Tests Related to Elements of the Student Filter 

In four studies, instruments were describted that can be used to 
measure the cognitive development functioning level of studies — part 
of the persona logical element of the student filter. DeLuca (69) tised 
38A el^ementary through^/hlgh school students to establish the needed 
documentation of a test of ^combinational reasonings He used nn elcc- . 
trohic simulator to measure the construct rather than a^ more conven- 
tional clinical interview technique* No report was given^'of-^^ie 
, validity or reliability estimates . for the test* Staver and Ga5^rK^80) 
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Table lAi 

* I 

Suinmary of 1979 Research of Instrument Development 



Study 



What is the 
CONSTRUCT 
measut^d? 



Are 
altetnatlys 
c^easurement 
strategies - 
described? 



lis the test 
described?' 



\falidity 
gstitnate 



Reliability 
estimate 



Is 

potential 
usefOlpess 
of test^-, 
^escribed? 



A. Studjant Filter \ ^ 

DeLuqfe (69) eomblnatorialr- 
^easoning * 

Stayer & Gabel' .formal thdught 
(286) ' ^ \ 

jWalke^-, HendriJL^ formal , thought * 
^ & Mortens Ol^)"^^, ' \ ' / ■ 

Milakofsky logical ttiought 

P^atterson (209) ^ " ' 

^ , ' Outcome Measurea .^ 

;■ * 1 . Aeblevement • - * , ' 

VfolfeS'Hlek- higher cognitive 
^ kinen (331) learning in 
* ^ chemistry 



/ 



yes 
yes 
,yes 
yes 



yes (ET). 
yes (PLO*) 
■yes (PTL) 
yes (IPDT) 



no 



.no 



Convergence ^ internal cDn- 
discrimination slstency " . * 



construct 



no 



concu 



rrent test/retest 



yes 
yes 
no; 
yes 



.Alani;(6) 
Lang (1^2) 



scl^ce 
achievement ■ 

metric skilL 
achievement 



Torrende, et science process 
al, (302\ skill achievement 



no 

no 

yes 
yes 



yes (THaC) 



construct ^ ^internal con- 
convergence* sistency^. ' * 




internal 
istency 



split/jhalf 

intdrijal con- 
si stei^cy. 

no ! 



yes 



no 



yes. 



no 



Study 



Wh^t Is the 
CONSTRUCT ; 
measured? ^ 



Are 
alternative 
measurement 
st^rategles 
described? 



Is t^he test Validity 
described? estimate 



Reliability 
estimate 



Is 

potential 
usefulness 
of test 
described? 



2. Attitude 
Downs (77) ' 

Shrigley & 
\ Trueblood C269) 

C\ Teaching Behavior 
DeLuca & Ddwns (70) 



Suchareekul (288) 



Fuhrman et al^ (99) 



Shymansky & Penlck 
(270) 

Yeany & Caple 
(338) i 



student attitude , n/a 
toward classroom 

teacher attitude ■ yes 
toward metrics 



teacher behavior yes 
preference 

■ \ . 

teacher inquiry n/a 
behavior preference 

.student behavior n/a 
-fn laboratory 

instructor & ^ no 
student behavior 
in laboratory 

instructor & na 
stnident behavior 
with process skills 



n/ a 



n/a 



yes (AS) " pontact 
^ va^ltdity 



j yes (ESTP) ' content & 
I . predictive 

i * ^ validity 



I yes (IPST), content 
f Validity 

i yes (LSTAI)', ji/a 

f ; : ' 

yes (SLIf)' no 



yes (l)POG) vlo 



n/a 



no 



n/a 



n/a 



no 



yes 



Cronbach alpjia^ no 



n/a 



no 



no 



p/'a 
yes 

yes 



10: J 



1 



10. 
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\ ,^^slgned th^ P^laget lan-t^p^ljcal Qpeyatlons Tast (PU)TKas a mjat lple -choice 
* group-adiaitil«er§"d;t^t .'ps an a^lteriiatlve Gb^ clinical Interviews. They 
reporte^f'establlshing both cbifiivergenc^: and dlspr^ml nance validity and a 
rellabliltir igstiinat^e. of \.85 based on Internal* coasistency. With 86 
college students^ Ualken^ HendrljjC' and- Mettens (dl9) also developecl a 
>Xest of formal, thought that inclua^cL progasiti'dnal ^^d iomblnatorial 
lo'glc and* fiypothetlcQ;^<Jeductlve^reasoning ta^ksf. Fot; their P^afietian 
Task .Instriflnen't /(PYiy they ^repqrt^^k fconstriict val^td^ty but^ no , 
rellab^ity estimat-as Were glv^Tn. , Wi?th "a~ sample of si^p elementary 
through cq^l'legejaged studetvtg,^ Mll^'kpfsky and'Patterson. (209) dfe'scribed 
another' groups administered 't^st of foVmal thought. Their repox 
^ Included a description pT' concurrent validity for the test 
' Wt^st rel^'l^Mllty. of. . , 

, ^„ * ' * * ^ * " - ' ^ ^ ' 

Tests Rela^d to Outcoines^ of ilctence Learning 
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Four tests of achievement outcoma&'^tfere f ounQ In the t9?9 res'eafch 
reports., Wolfe aod;Hie1?klnen {331).^^sc^lbed a te^st to measure stydent 
acMevement^.*o^ higher coghiciv^^^^aprning In chemlsijry- They reported 
a construct validity estimafi^efor the test and a ^^laMllty**e^lmat&^- 
based on'test homogfenlety. Alanl (6) developed a test'^tojsjjed^r^^ ; 
ijQ|)act of an elementary, science, tUrrl^iil^um^^dn Ir^q 5;ixthr^grade students, 
^Lang (»J72) jieslgned a qrlterlori refeteryi^ test to^i^sur^ metric skill 
Achievement Jot use with handlcappe1d,,.^udents. .f6rr'ence *iat' al. - (302) 
rtporte&/on-.a'modifled version oi^a process' ^klll tesp\that was desighc^ 
to be administered via telev^sjLdn. ^ No vajjr^ity or reli^abllity esti- 
mates, wip're included In^ thg^^j^tfport , 




lent of A measure pt ajj^ltudlna 
'^ttlpides toward the cISassroom an 
tea>fier attitudes towatfdWetifics 




Two stu>iei?^repoj 
outi:ofl[ies; ySoims (77)^ 
Shrlgle>f^nd TrueKLood 

In fouv related^^udtes, i^searc^ exp^lorad^ In what^^ys,the 
^st^^ constructlpiijjp<il)Jy^rfl variance d^^served ijK^hleveM ^ 

outcomes'. ^^Frl^JT'^tt Johps^^^ found tKat In myt^^ple-CTolce 

questions, t^feilacem^fft of^he distr^cf^ imrae^iat^y befarfe ,t4ie' - , 
key alte,?i^\J>tte dj^ o'f^^he it^uO Abu^Sayl/[l^ found trh4t 

requip^iri^jyrftudept^ to identify bo^^corr^ct and/lncorrecfc r^spons^s- , 
e-^ptVolce, questions v^s^igj^flcantly morellifficuij^'than 
ylng/the c^rrec^^es^o-riS^s. Warren {32>). rfet^ryined fhat 
fo^TiTof a^«st — mjiit^i:fJle-gii6ice .or essay-*-did not' altey'the spjd^^t 

tipfe-choice t^dts^eve easier to 
-.28) found yjat "stu^ejjfs 3id bett^- 
in di^iUiMi^^^Tom^^i^^]^ hard t^an on tests 
jpas were randdmlv sequenced. 




Vchpt^ement - hut that 
^cJlllday ahd Part 

whlclv^ere seqi 
^ liyiifhlch' th< 




rade^ 
on\6ests 
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Tests Related (o Teaching Beh^or' \ 

. -\ , In- four stadies, ^teaching be,havior anil teacher/student interact ionjs 
were the constructs fhat were measured. DeLuc^ and Downs' ^70) described 
a strategy fot.tneasuri'ng a teachers' .preference for high, teacher cbntrot 
or hlghv student^ control of thB classroom iearriirvg cont'extl Suchareekul 
■(288)/al6o*deveiot>ed^a t*est to measure a teacher*s .preffer^nce for using, 
Inq^lry/teachinfe strate^l^s In the Science classroom. . ^ 

-What -students.^o in the'. science^ classroom or laboratory is in. part , 
a function' -of .the teacher,— ^t^hrman et al. (99) described a jtfiiy to i 
. m&^siire the studerit*s lifehavlor ^n the laboratory. Shymansky and.Pen^cK 
^ C270) developed a scheme to .analyze'the teacher_ and student interactions 
In the college' science laboratory, Yeamy and Capie (338) /designed an ! 
obsefvaiion^l ^sch'eme to assress the teacher/srtudent' Interaction related 
to specif J-c, iSTodess; skills... ' . ^ . " ■ i 



LOOKING '^ACK TO LOOK FORWARD 

TVends in Hesearch. Designs for Finding i>^he,Ordtt- of Things" 

In 1979, the research de%^ns by which science e^lucation researchets 
seai^ched to" find an "order oft^'^ideas*^ in the **order of things" illustrates 
acreat^ve diveTsity. Aj/Tn4icated in Table 15, five of the 'six^ <:eseariCh 
strategy categorie^werferept^esented iij 336 of the 340 studies. --In pnl]^ 
^^five , studies wer^^ t^Je design^^escriptions so sketchy ^s to make theit; 
categorization iigt^^possible. - ^ X ' ' ^ 

Histori«l and survey-type research accounted fof^ 14 percent o^f the . 
studies ^:^orted- - In these studies, data from pa^t^events were recorded*, 
and lnt^rpjt*etation*made based on patt erhs 'observed in these d^^ita. 'Know-- 
ingyirfiat was the ordei? of things oi the pastels pne useful way to \ 
lerate'a basis for action about' what can be done co nurture science 
^teaching* in the future, 

* _ _ * 

Table 15 . . . ^ ' 

Categoriuation 6f the^ Research Design Used in^he 1979 Repor.ts. 
o^f Science Education Research 



Number 



v '^i^ercetitage 



Although futuristic research has a potential for helping identify 
what is and whac ^houtd be, no studises were found, i'n the- 1979 rese^irl^h 
reports that fit this category. 



Naturalistic re'search illustrates a' category of stu^y whijch h<is' high - 
potential but infrecjljent usage. / An^ indepth descriptian o*f a , science 
classroom or learning event. froin the perspective of many observers oah 
'help provide a rich basis of' I^Jrpptheses about that event. 'Six studies^"' - ' 
or 2 percent of the 1979 research reports, were' naturalistic studies. ^ 
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In the 94 st5idles^t+lat illustrate exploratory research, three 
research designs wejre 'us^,^ for data' collection. In 66 studies, a' 
postt^st^.only design was used,, i,et, data were collected from a given ' 
sdiapi«^t a giv^ point of tiirfe and thep correlations obtained between 
Jttfe obtfferyatioris and 'sp^iiflc student or teacher filter variables^ 
^n'these^studies the 'basic quest:ion was- **Are student or teacher 
variables c^rrelateti^ with outcome variables?" In 16 of the explora- 
studies a {>o5tt:est data collect ion. followed a specific ^instrac- 
' H^i^eatmeiKV making the, question thereby, "Are^student or teacher 
variiable^$ correlated, with ouccome variables when they have a specific 
^instxucfional program?" No control groups or random selection of ' 
^ students are found iLn studies of this group nor in the 13 studies^ 
Vhere a prete&t xjhs added to Ae design. In the 13 pre-post 'test 
de^igne^ studiete, the research question was "Are student-or teacher 
variables correlated with changes in outcome variables when they have 
.''.'had^a specific instructional program?" From these 94 studies, resear- 
chers searched to find an "order of things" on which to hypothesize an 
Vtder of ideas." ^ , ' 

■ In 132 experimental studies, or 39 percent of those reported in 
1979, a variety of designs were used by research,ers in tHe attempt to 
■velrify an hypothesized "order of ideas." Figure 4 illustrates the 
key xfif f erences in these designs — the' strategy of selecting^ subjdfets 
(random vs. nonratidoftt) apd the use of control groups^ The strength 
of the conclusions — the \'^order' of , ideas" — that come from these 132 
studies fit the extent' to which 'the design lends, credibility to the 
outcomes ^nd generalizabilit'y <io the findings. While many studies 
did. use intact ^classes or nonr^dom .selection of subjects, the pro- 
nounced rej:ianc& dn control groups does strengthen the ^eneralizabil- 
^Eiaes that' are described. . 

Sigineeririg stjjdlesr include those that ^described the development 
*^ of a curruculutn, a couifse, a t^st er an Instructional, podule. In the * 
^4 studies'in thlS' cat'fegoryi suBSftantial attention wa^ given to the 
>&lear desrcription <^f th& ^oals pf the-prx^duct and the means f9r 
^cftievipg^ those ^oals as well as some documentation of how well learners 
: did wh6n provided with instjruction based on'tjje product. A dimension 
tJiat is needed is att^i!lt^^n to'^ttie task;df disseminat ion of these pro- 
^ducts (especially '^t fhe^^jllege level)." In the 1979 reports, the 

)lated' fragjn'entatton-^olj^'^etJo^s may well encourage duplication of 
th^v^me curriculum dei/elopment^^orts. Sustained efforts in dealing 
with rh^e 'question "^^o should know^a|x)ut this product?" will help link 
't)ife proi^cer and the con^jjgj^er of^ thesV^^pPrtan't research products. 

While the ojjyious' emphasis, in the 1979 research reports was or^/ 
escploratory andf "esjperimentar research (67 percfent), the results make 
.'^TjSPbering obselrvation necessary^ ^ We knowJ a little more aWut the 
^'o^der'^f ^idpas" based on our search in tlie "order of things," Could 
>/e leaW more if we were to sp'ehd a^ higher amount Of our time in* , / ■ 
describing^ what is — a higher risk r^searpli — rather*than i'n our current 
^phasis in attempting to show vWt ^eletii^t^^V causes what outcc^es and 
then finding that„ no dif §ej;fencea/ai;e*'*<oBservable? Do we need to'jinvest' 
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more effort in finding the **or<ier of tRings** rather than attempting to 
prove that our **order of ideas'* is indeed correct? In our search, nre 
we attempting to, make th^ "order o[ thirigs" fit, our "order of ideas" 
and the "no significant differences" are a message that communicatofi 
that our ^'order of. ideas" do not fit t>ie real world "order of^thtngs?" 
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Figure^4, Categorization of experimental "research studies. 



Trends in the **Order of Ideas** Based pn the **Order of Things** . ; 

After an intensi^ve examination of the Vorder of lyings" depicted^ 
in the science education research report ed in. 1979, an "order of ^ 
ideas" emerges. ' Generalizing from tihe studies related to the 'learning 
context of the elementary^school student, the emereitig adolescrerjt qf 
the middle/junior high '^school^ 'the. adolescent of/the high school, the 
collegian in undergraduate science classes, an^te^he teacher, an "order 
of ideas" evolves about \variabl6s ^ that have a potential for influjencirig 
achievement and attitudiWl outcomes, the challenge j»w remains for 
this order of ideas to be subsumed, t\\ji relevant cues ^jerceived, and* 
appropriate responses ihade^' - ^ * 
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Based on onfe primary .source of cues,, the student f ilter. Table 16 
illustrates the extensive attention this ftttler has received. .The. 
order of ideas that this search- describes is tbat boys do about^ as 
well 33 girls ar all levels. (iJnsistenxly; students with lilRiver abil itv 
or aptl'tude do better than their peers of lesser endowment. Initially,* 
previous experience serves ^o mak^ littXie difference in acluevement 
or attitudinal outcomes biit , as student progresses in school, flier^o 
appears to- be a cumulative i\npact of experience on^ schooTlng outcomes. 
Vhile many environmental variables have " been, brief ly examined, ethnic 
or^iil is the one th^t consistently shows to be a significant contribu- 
tor to achievement* In eveCYi study ip which this variable ^was ex.imined, 
white students. ^o better thaM Kispanic students, and both o/ these 
groups dQ better than blacks. \ The personalogigal' variables .are a rtiixjJd 



^ Table ,16 . ^ ^ ^ 

Sutmflary jif_Jly£Othfsized Relationships of the Student Filtej with Achievement ^nd 
■ ' f Attltudlnal Outcomes , . / 
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Total*^ Elementary '-High High ^ College Education 



'Gen4er 

Ability/Aptitude 
Previous 'Experience 
Environmental 
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• ' . - . Table IT 

Sinmnary of , Hypothesized -Relation$hips of the Teacher Filter and Achievement/ 

'Attitudinal Outcofl&s 



Element 



Teacher ,Knowledge 



Ereactive and ^Interact ive 
feacliihg Skills V 



Junior 5ehiof 
Total Elementary ^igh^ ' High 
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Table 1*. 

Stimmary 'Of\the Hypothesized Relatlotishlps of the Instruction FlJLt^r and Achieve* 
^ — ment/Attltudlnal Outcomes " 
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. When method or^, instruct ional strategies and taclLics are ' examined, 
the **orderiof things" observed strongly suggests that the **order o^ 
ideas** can be more precisely Established where specific tactics are 
related to outcomes rather than in the case of more global courses or 
course methodology studies. Unexplored in these studies is a key 
question about how specific instVuctional strategies can enhance what 
a student does 'while in the classroom. It is in this domain that the 
greatest and possibly most exciting research potential exists. 

Establishing an **order of ideas** from, observed "order of things'* 
is a challe^ige, for in it we can describe ways teachers can enhance 
student' learning time ^which , in turn will i^^ease student achievement 
and attitudinal outcomes, ' 



REFERENCES 



Citations containing ED information in^dicate documents avHlable 
from ERIC Document Reproduction Service, PTN?. Box 190, Arllmgfcont VA 
22210. / 



99 



I. 



2. 



3. 



Abu-Sayf, F. K. "Does Multiple-kjhoice It^K^Fopn «Af feet Student 
Assessment Results in Science?" JoUrnaKo^ Research in 
Science Teaching , 16(A): 359-362, July, 1^79. 



ew Physics 
ch, .1,979, 



Adbel-Hahab, Mohamed G. "Levels of Understanding 

Laws." Dissertation Abstracts, 39(9): 5A27-A,' 




Aiken, Lewis R. "Attitudes Toward Mathematics and Scienci^in 
Iranian Middle Schools." School Science .and Math emati 
79(3): 229-23^+, MaVchv 1979. ' 

f 

AkingMla, Moses Folorunsho. ^'Development of a Science Prograiri 
for Yoruba Children in Grade One^in Nigeria,^* Dissertation 
Abstracts, 39(11): May, 1979. 




5.. 



7. 



Alaimo, Samuel Joseph. ^^A Study of Factors Influencing Value 
Preferences in Environmental Problems ot Seventh Through 
Twelfth\GrHe Students.** Dissertation Abstracts , 3909)r 
5427-A^ Harch, 1979. 



Alani, Nizar. \ *^The Relationships among Students* Socio- 
- Background, Teachers* Academic Background,' Sex Dl,ff 
and Their Ucademic Achievement ;ln Science Education 
Sixth Grade Level^-in.-Baghdad. ** Dissertation Abstra 
39(12): 7230-A, June, 1979. 



Biology in 
4843-A, Fe 




Amien, Mohamad. I **A Comparative Study of *PWo>lTistructio^^l Metlwds, 
Modular and Teacher*Centered, for Tea^ning Junior High School 



Indonesia.** DissertaMbn Abstracts ,' 39(8) 
ruary, 1979, 



8. 



9. 



10. 



Andrews, Marjorie H. and ^J^Jter Andrews. ^^Fir^t-Year ChemJ^^ry 
Grades and SAT M^^fi Scores. ** Journal of Chemical >E duca t ion, 
56(4): 2311-23^ April, 1979. 




Ashrafi, Mo^o<| Sadrol . ^^Object 
Study of tpe Relationships o 
iences to Learning fpom Scie 
Varying Coij^plejtity. " Dis^e 
• February, B979. 

Atkin, Julia A. V^Cogtri^/ive Funct 
Problem Sol^l^ng.^* Paper pre 
the NationalUA^^ciation for 
TorantP, Canajfia, March 21-Ap 
' ED 167 350 



Literacy: ^A^Cross-Cultural 
f Stud^rtt^ptitudes and Exper- 
hce.-'^jSstructional Objects of 
tion Abstracts, 39(8): H8iA-X, 



ir. . Bady, Richard J. '16tiJ*ents* Unde 
thesis TefftingV* Journal of 
I6(r): 61^65, V^nuary, 1979 



ioning: A Model for Learning nnd- 
sented at the annual meeting of 

Research irk Science Teaching^ 
ril ,2, 1979. 

31 p, 

4 It 

rstanding of the Logic of Hy'po- 
Research in Science Teaching, 



100 



-2. Bailey, Jatqu^llne Ford** "The* Effecfs of^an Instructional Paracflgm 
on the Development of Critical Tl>ln1klng of College Students- 
In* an Introductory Botany;>€ourse. " Dissertation Abstracts , 
40(6): 3138-A^ Dec.^b^l.979. 



Jot 



ray^,^a^<Sie. "TVo-Year, Coiranunlty CpJrJTege 

^ Journal qf Chemical Edue^^on, 56(5): 




ieg^.<l^cti^J!^mbs^ Test (MAST) ^or -Chemistry 

^>as a Jpa^lctbr of Sucies^^-^^PBeglnning, College. Chemistry for 
Sconce Majors. " DJ^afflr^^^ion Absttacts , ^39(10) : 6045^, 
:11, 1979. ^ I ' ^ 



:ty, Baj^tffa Dawn.^^The Effects of Advagpje^^rganisers on the ^ 
miing of then Students in the Sp«fy of Oceatiogr,aphy-'in 
Eighth Grade Earth/Science GlA^^es in an Inn^t City-School." 
bissertati^on Abstracts, g&ftl): 6i571-AV^May, 1979, 

1$. Beasley, Warren Fred^jpfcfc. "The Effect of Physical and Mental 
\ Practice oT^^P^chomotor Skills on Chemistry St;udent Labora*- 

, . tory PgasfS^mancef." Dissertation Abstract^ , 39(9): 542a-A, 
f; 1979^^^ - ~ ^ ' / ^ 



isley. Warren F. "Xhe Effect o£ Physical and Mental Parattricc^ 
of Psychomotor Skills* on Chemistryl" Journal of jfese^rch in 
Science Teaching , 16(5); 4/3-^ 7>^, September, 19y 

: - \ ' ' - ^ . . ■ ^ ^ ^ 

18. ^ Beebe, Kenneth Merter. **An Mlalysis-o^f Children's ^cplanations*... 

On Nat^raL<Phenomena in^the Life Sciences . "/ *|)issertat ion 
Abatract>^ '^3t9(9): 5307-A, M^rch, .1979.. ./^ 

19. Billings^^ilbert. \''Do Ve^b^lTiabels Help ChiWren 'AcquireSclenc^ 
:ept6?" SchooI^S^ence and Mathematics , .79(4): J^^l^Z^^ 



fpril, 1979. 



/ 



20, 



William >I<^§eph. • ^'Development of an ;instpc£fiient^tg Me^sura^^ / 
Teachers' Acquisition of^l^ifce. Srbcesseir .Utilized 
In >;;(J^neric Problem^golving\Mod4K^l^^<' ^issertatfon Absl WctSj 
0): ^083-a', ipriL, /1979. 



X 



.William J. "The ^fects^^j^. Science Pro^cesfe Skijl In^fcruc- 
tion on Pres^T^i^^ Elempn^ary Teachers* feiowledg^ of , Ability 
to Use, and>;^Bllity tt^J^Sequence Sciepce Pro<;ess Skills. 
JourT^; <r£Be^ear^ftW^n Scignce^Teachig)B>^ 16(5>: 427-^312, 



turn. Abraham 



Game. 




Le^lV 



^TJwn^medial Effe<^t of a B.iologie^l\Learnin^ 
nal; of Research in Science Teaching ; 16^(4); 
;^July; 197ff. » , ^ ^ 



Bqc 



333^3r5sr 

Bernadette. Development of Biochemistry Activities 
^^teoratory ^perlej^cefe for JJurslhg Students Ba^ed ^n ClJfVlcal 
Cases and:,0sing the Guided Design Approach.** DisseVt^ 
Abstk^acts , S^Cff}: . 3804-X Jebruary^ 19^9. 




/ 



101 




24, Bcygftal Davar ilohamma,di*'^ * "A , Comparison of the,Erfect^ of Laboratory 
ajid Discussion Sejquen'ces on. Learning College Chemistry," 
Iss^rtotlon Abstracts, 39(10): 6iWr5-A, April, 1979. 




Biology 



Bollinger, O. -Kip. "The Effefet^jot Teachers' Behaviors 

Students' Development ql-" Positive Science AttjUlIdes. " 
Dissertation Abstractr/ , 4b(5): ' 2619-A, Kjwwber', 1979. 

Bowden, 5u^ TeacHey. ^ "The. Effect of Training Preservice-.^eathers 
Ir* the Use of tlie Instrument^^r Observing Classrocm Science 
* Behavior on "^Preservice TeatSher ?nd Pupil Behavior,^ Difesert 
tion Ab^tractg * AOdX: 202-A, July, '1979. 



7. Bffwyer, Babble Jeannine. "The Effects of Verbal and Visual/Vferbal 
' ' - brganlzerst on Cognitive Learning^ from Films in' Seventh*Grad 
. "tife Science." Dissertation Abstracts ,' 4o(6) r 3061 -A^"^" 
' December, 1979. 

28.. Br^verm^, B. , J^. Egeiston^Dodd,. and R. 'EgeTj 
by Dedf Students in Learning Medical 
' * Research 1:^ 'Science Teaching ,, 16(2): 




25. Brown,:'Elatne Gall. \ "ASt'ud)rof the Propor 
Posslbiiltx f^redictirig its -Presen 
. Dfeyelopment and Impllcat;.ions for-Scl 
Dissertation ^stracfc^a ,^40(6) ;' ; 32 

30l , ^ovn/FaithJi. and I&avld P. Bu^^. "A Study of tfie Use of iJiagnoi 

'Xest^ril^in Te^ch'ing Eas;L<rFrlnclples of Human Psychology." y 
.Joimidl of Rese^ch^^tf T^cience Teaching , 16(3): ' 205-210, 



Mat, 19?9. 



31. ' Br\&byj 'Margarjet^. "Problems in Le^rningthe Concept of Naturai 

Selectl6ri." Jouifaal of Bi>;Qoj^lcal Education , 13<2) ! /119-222, 
. Jjtne, l$/9. ^' 1 ^ ^ ^ ^ 

32^ Byummett, Dayld Carl* I "The* Effects of Teacher Understanding of 
' . * ^ and Attitude To^rd ITV Science Lesson Content ^n Student 
-Understanding oi ind Attitude Toward ITV Scierice^Lesson , 
Cotitent." Dissertjatlpn Abstracts , 40(2): August,, 1979.. 

33. BtMano, Ron alcl Joseph. jf'Scienc^ Education In the High School^of , 
f ' \ Nebraska."' Cissgrtation Abstracts ^ 39(7): 4l63-;Af<Fanuary', 



L979. 

34. Bijush, i*o"r^l-ei R. *"Avaidance of Science and Stereotypes of Sclen- 
, , tls^s."/ Jburnal of R^^search in ScJlence Teaching , 16(3) 
' ' 237-241',' ^y, 1979; ^ \ ^ ~^ \ ^ 

^5* Bullock,/Bob.' '''The Use bf Models to* Teach El'ement'ary Physics." 
Phj^sics Edacation, 114(5); ^312-;317, July, 1979.^^ - 



RlCr 




10^ 



"The Effects'.of a Mastery 
/' Jourpal of .Research in 
-37, January, ±97X^ > ^ 



on^Abstracts , 



' "A Needs^As5essmenlb''o£' Massactiu^setCs 
ScKool Teachers X)£ Scieflce fGrades 

40C3): r3847A, Septa&ber, 197^./ ^ 



Thelma , .^'Development 4n<i Implementation of a Mini * . - 
Gifted' Progi;ain in Science for Ac3dejaicaJ.ly Talent^ Children 
In 'Grades 3-5 at Samuel Morse Elementary School. "^Practicum 
Report Bubmitted in partial' £ulfillmei:)t of the requirement^^ - 
.for the de'gree o£ Doctor^.of ^Etjyc^tion, Nova University. 
ED ''16.6 030' ' ^ 

Butler, Thelma R.^. ^'^Development and Implanentation of a Metric 
Inservlce" Program for Teaahers' at\Samu^ Morse El'e^pentdry 
SShodl,'' " Fracticuni Jla^jort s'uljmitfced in partial fulfillment 
^^ of^the' reqi^rem^hts £0): the dejg):ee of Doc tot of Education, 
Ndva" University, July, 1978." , * ^ > \, . 

Campbell, Richard L. "A O^mparative Study of the/Ef £ectiyfeness 
of Prddess Skills In&truction on Reading Co^prehensi<Hi of 
. Pr^servace and Inservice Elementary Teachers." .Journal of" 
/' Research in ScienGiJeaching ,-'16(Z) ^ 12^-127, Mairth, 197^i 

Capie, W.; F^^JMilaeHaw, and J. Qkey. "Keeping Stu3enti$ 'On Task*. ^ 
The^^Strfence Tocher, ^4609):' 31-32, Decembtr, 1979.'**'' - 



arpar 



elli, Pete/ Louis./ "The Verbal Logic of Selected High School 
Science Tochers.'/ Dissertation. Abstracts , 40(3):' 138A-A, 
September, 1979. ^ 



Case,' Charlies CtonrJ^. \ "Thej Effects of A Model Environmental Educa- 
tion y^rdgram cfn the. Envijronmental Knowledge and Attitu'de^ oi 
Sixt;h Grdde ^aidents' lii Selected Seventh-Day, Adventist , Schools 
of New, EngL&nd^!' Dlssertatj'ion Abstracts , 40(6): -3081-A, 
De^jember", ii979. ^ ^ ' , 

^ ^ ♦ .1 

Champagrie, Auiirey B. / et b1 . "factors Inflyenclng Learping. ofy 

Classical Mech^ics." Paper _ presented ^at the annuar meeting 
of the American Educational ResearcH* Association, San 
-Fran(^lsco,%Ca'Xifdrnia; April 8-12, 197^. 
ED 3i80 829 ' ^ " ' , 

Champagne, Audrey 'B.^ et al^ "The Influence Of Scijence 
Structures/on ChildreiTs Success in Solving Academic 
Paper .presented at the annual n^eeting of the America 

'tional Research Assdcfiatiqnj Toronto', Canada, , March 

'ED 180 S30 



■in 




ledge . 
robj-epis." 
Educa- 
7-31, 1978. 



, , ■ . " " ^ \ ^ ' ^ ^ ^ 103 ' ^ 

46. Charoenplt,, Natthapong^ "Dual^"E^cts of Logical Thinlcin^',.. ■ f 

Abilities and Instructional Approa'ches otv Learnit^g Outcomes' 4/ 
In an Intjroductoty^ College" Chemistry Course Offered at SRI" 
Nakharlnwlrot University, Fispuloke; Thailand," Dissertation ^ 
^ Abstracts, 40(1): 1,80-A, July, 1979. ^ , ■ 

, 47. Chavez, Edward. '*The Effect of Ahlmated Cart()Qns on €h±ldr^^ * , , 
' Attitudes Towards Sclencfi in a Classroom .Environment \^ 
^ Dissertation Abstractfs , 40(5): ^421-A, Novanber, , . ' 

^ ' \ ~ = . * ^ ■ ^ 

48* else, John Paul. '*Locus of Contrdl Shift, ^'Cognitive Achlev^enusnt * ' / 
and Completion Rati& for Self-Faced^PSI V^. Inst,ructc^'^^^c§^ '""^ 
Instruction in Introductory Physics a Goinmuhlty Cdi^ege.'\ 
Dissertation Abstracts ,^^39~(7): '4lJ63-*Ai January^ ^^79.^- 

^ / ' ' . ^ ^ . \' ^ 

-.49. Cobern, William 'Wheeler. ^"A Structural Analysis, of Secopd^ry 

Students* Knowledge of Selected Biology Concepts and V^ocesses. * 
Dlssertati6n Abstracts , ^0(4); 1985-A, Octofeer,. 1979^ / • ^ 

- ' 5Q. Cbhen, Herbert "Effects of ScletiQe Instructional Method ^^p^ii" / * , 
Cognitive Development." Mimeographed. 1975* ^ 
ED 183 377 / / ' <^ > ; 

51. (Johen, Martin ■ "Scientific Inti^re&D and \tefbal Problem -j§crl9lng; 
\ / ^re They Related?'* School Science snd Mat?heigatics , ^9^57: * 

404-408, May-rJune, 1$79. ~- ^ 7 7"^ " ' ^ 

52. Cole, Robert Lee.' "The D^^lopment and Tes/lng of Physlprogy'*^/ 

Modules Designed to Teach Model Formulation Processes * _ 
Dissertation Abstracts ^ 39(9): 542S^a; March; 1979. ^ V " 

' ' A "t^ 

53. Collet, Francis^P. and Susan Tfummedal. Development of Reasb^n^^ 

in Science <DORIS):' A Course in Abstract T^inkin§.'! '^^ep^tment 

■of Psychology, California* -State Unlye]:sity, Long BeachrV 

. ' Mimeographed. 1979. ' . " " 

ED 179 387 ; , ^ 'J \ J 

. ' ^ * ' * ' * ■ f ^ 

* 54. Collins, Donald Arthur. "A Study of the Factors Influencing 'Co^n^-f. 

tive Development, physics Achievement, and' the Quality of 

Learning in a Self-Paces, Individualized Higli School Physi/s 

Program Which Utilized Obncrete aftd^Ptormal, Instructional 

Procedures;" Dissertation' Abstracts , 39(10): 60i5-A, A/rilS 

1979. 

55. Crawley, Frank E. ""Attitude Fopnation^ln Introductory Science- 
Courses: An Application pf ■ Dl^spnance, Theof-y. " Paii/i;_ , 
presented 9t, the ennual meeting of the^ational, As&Dciatlon 




for Research in- Science Teaching, ToroHto, Canada/March 31- * 
April 2,' 1978. ' 
ED 173 063 . 



*4 /■ 



56. Crawley, Frank E. and Gerald H. Korcfcover. ■ "Inmedfate and Delajijed'^^ „ 
, )Ef^ct,s^(^f Training Preservice Secondary Science Teachers ^to 

Ask'Qufestlons of Varying Cognitive Levels."/ Journal 'of i ^ ^ * 
' - , . ^Research In Science Teaching , ^16(3): 243-^48, May, 197-^.^ -r' 

^ /' ^ . . ' / ' ' * 

\ lis:. ■ ; 



Crawley, Prank E. and Gerald HJ Kro'cjcover. ' *'At:^titudes erf ^ ■ 
" Unlnvolved. Stude^nts in Classrooms of Prese^rVice Secondary--' 
Science TeAchersc . A Mbdirlar M^proach^** -SdSool Scjerfce and 

Mathematics , .ygCMV 317-:i21, ApriL, 1979. . > 

■ ' ■ , ' . ■ * ' 

Crocker, R. , R. APiaria; Hr-:S|knflelvii^ an^d D/ Sheppard. **Tneatment 
and ATI Effects for" Pupil Achievement and Preference Under 
^fijQ Experimental Conditions of Teacher Control in Sixth- Grade 
' Science Classes.*^ JoumHt'^f Research In Science Teaching ; 
16(2)': 105-121, March, 1979.^ ^ ~ " 

Crockett, Rena.Vay. "An Assessment of the Seconjiary ScieUce andv> ' 
Mathematics Curricula ir^ Selected Jlural East Tennessee" 1 - l 
Counties." ^ Dissertation Abstracts ^ ^39(11) ^ 64 98-A, :May, ^ 
.197 9. ' . . / 

Cunningham^ Claude H. and Jacob W. Blankenship. **Preservice - ' 

Elementary School^Scienc^ Teachers* Self 'Concerns'. ** Journal 
^ Research in Science Teaching , l6(5) : 419^425^," September, , 

.1979. / . . ^ ^ ; 

. + . ■ ' * * - ■ ' 

Dallam, Jerald W. **Student Behavit)Vs Related to 'Academic Su*ce^s * 
^ ■ of _ Undergraduates?* at Kansas Stat^ University in the Natural- 
* Sciences,** Kansas ■ State University ," Emporia. 1978- 
ED 166 040 ' ' ■ - " ■ V 

DaltftH, ' Edward. Arthur. "Energy and >Ian*s Environment;- Its Impact * 
on Edjfcators- in Seven ]West;em States."' Dissertation AbstractS r 
40(3):- 123.8-A, September, 1979. " . , ^ ' ^ ..'^ 

D!Annueci, Jtober-t Richard. '*An Investigation of the^ Attitudes of 
Inner-City ItjiteiSHigdlate/JunWr High. School Students , Toward - 
Science Teacliers and Classes'.**" Dissert^tiop Abstrajcts ,. 39(8): 
4844-A, Pfebruary, 1979.^ 

Dapper, Jolih William. **Predlctors"of Attitude Towards Science Among 
Undergraduate Nonsciehce tfajors.'* Bissertation Abstracts , 
39(9): ■54295A, March" 1979. 1 



Davies, Ronald E. and H. Seymotjr Fowler. \ "An Achievement; and Atti- 
tudinal Comparison: of an Elective Mi|ni-Course Curriculum and 
a Coi)ventional Nori-Elective Scie^^je Curriculum at Che Junior 
»HigK School lievej.** Paper presented at th^^annual meeting pf 
the Nat;lonal'»Associ-ation for ResearcU in Science Teaching, 
Toronto, Canada, March 31-April 2, 1979. 
ED 167 354 ' y 



Davis, Maynard. "The Effectiveness of a Ouided-Inquiry Discovery 
Approach in, an Elementary School Science Cuririculum." 
Dissertation Abstracts , 39(7); 4 164 .-A, January, ;1979. 



^ ... - , , , , ' 105 ^ 

¥ fr ' ' ^ .V' ' ' . -r.. ^ * 

67.;'5fav^, ^^atrl^cRs Au^fn*- "Soc^l ^acilitatiQrv fil Gro£tj>v^F^blem ' / - 

* ^Solying i^s applies to Cognitive Aspec'^ .oj. Beginning. Under- > 
\/ ^ , ir^duate College Stience Laboratories. " r^ i)3^^ertat ion 

, V Abstracts, '39(12): 726?^A, June/ 1979f . ^ , 

^ , ^ ^ . , , ^ ^ - ■ . . 

j68. Dekk«3, John-- and ' Lesl ie R. Allen^.^ "Science^Cognitive and Activity 
Preferences atid Their 'Relationship to. Present* Practices in 
Science" rijst^^uct^on in^ SecordaryjSchools in. Penang, Malaysia*." 
/ jaepartinent of Education,- Janes Cook University of Notth 
, Queenslai^d* towtisvllle, Australia^ ^^Curriculuin Research and ^ 
^ ^Development' Groups College cf' Education , University , of Hawaii 
Miqeogtaphe^./ 197?* , 
£0^74' 397 ' \ \ ' : 



4^ 



6^* DeliUca^ Frederick s, "Applicatio n^ and Analysis 'of ^an Electrqnic 



^' EqiJ?ivalfinC of Plaget'd First 



4^ ' of Re^fearcl) in -Science Teaching / 16(1) : 1-11^ January, 1579. 



\ .70. D^Luca, ?]j;edetick^P. am Gary E.\Downs^ . '*Measulring the Differences 
Be^w^l^n Teaxjiing^ Preferehteis of Teacher -^Cen^re^i and Studeiit^, 
, ^ /v?Centei^d.lTeachers.'V ^ Journal of Research intScifeace Teaching , 




.(jlfientical Experim^t . " Journal 




16(2)/ 153-158, Marph, 197fi." 



71. D^ehy^ Janice Ann> *'A St^<Ji^ of skhDol;?A§ed Xl>il<}^ Knowledge of 
\ , ; ^'Fi*e,BQdy Otg^si." Di^serQatj^ Abstract's ^ 39(12): 5845-B, 
. ' ,June, 1979/.'" \ J / - . ^ T/' 

72. DeTure,, tinda R* "Relatiye Effects or Modeling on the Acquisition^ 
/it - ^ ' of Wait-Time by Preservicel Elementary Teachers'and Concomitant 

/ < ChAnges in Dialogue patterfls." Journal of Research in Science 

/ Teaching , 16(6): 553^562 j November , 1979. - 

73. Dieriycjv ^Nkaroijo Emiya. **?opul!ation Education — An Introductory 

Source Book .for Junior Secondary School Teachers Uri Nigeria." 
Qissertafj^n Abstracts , 40(2): 777-A,' August, 1979, ' , 

. . 74. ''Doranf, Ro^Jney L. and Mbuya K. 'Ngoi. "Retention and Transfer of 

/Selected'^cleiice Concepts in Elementary School Students." 
' / Journal of Research in Science Teaching , 1^(3): 221-2^6, 
, ^ r ' /May, 1979. ' . ' V 

/ ^ , ' ^ . ^ \ ^ 

75. Douglass, Claudia E.. "Making Biology Easier to Understand," ^ 

r American Biology Teacher , 41(5); 277-281, 298, May, 1979, 

76. Douglass,' Claudia E. -"The Effect of Field -De'^ndence-Independence 

/ and Instructional Sequence bn the Achievement Qf^ High School 
B£4^gy Students." Paper presented at the annual meeting of 



I th^Nircional Association for Research in Science Teaching, 
Tocpoto, Canada, March 31-April 2, 1979. 

\ ED 1I7 352 \ - ^ , . ' 

77. Downs, Gary E. "development of an Af feet ive •Instrument for 

* "^Measuring High School Science Students' Behaviors." ^ School 
Science and Mathematics^ 79(a):^ '217-22^2, MarQh/l979, 



I ' -J; 



' . . ■ ■ 106- 



78. Dreyfus, Amo^ aini Hadarah Cohen. "Enh'ancing Student -Teachers' 

Analytl^r Perceptioii of Science Lessons^"'* Science EdOcati&n , • 

■ . ^3X3)* ' 363-3^1, July, .1979. ■ . 1 . 

79* Dubravcic, jMllan P* "PracticaJ/ Alternatives to Laboratory in a 
■< Basic^Chedistry Cou^e." Journal of Chemical Education , $ 

^/ ■ 56(4): 235-237, April, 1979.; . ^ . 

80. /:punkum, WilLiam Washington. ''Achievement apd . Student -Teacher 

Ver,l)al Interactions in High School Physics Lectures* with. " * 

'y. V \ 'and'without Computer Simulated Demonsttat ion- Experiments." 

■ . \- Dissertation Ab^tract^ , 40(2):^ 777-A, A^igust ; 1979, - ^ , 

"f * ■ ' . ^ . ■ 

81. Dunldp, David Ir; " "The Ef feots of an, Energy-Environment* Simulafor 

Upon Selected^.^Energy-rRelated Attitudes of Science Students.' ' 
and Xp"Service Teachers* " ^per 'presented at the annual^ ' , 
meetihg of the" Hat ional/Assici^t ion for Rasear9h in,,Science - < ^ * 
^ea^hing,* Toronto,' Canada, >f^rch 3i--April>2, 1978\ ■ , - 

■ , :^ -^^EDie^ae? . . j ■ . " . ' " 

: ^'82,> .DMt^lOp,. DWM L* and Frank Fazio^ ./'A Comparfsb,n of Written Prefef- 
^: ^ " enc.es'ahd Actiial Perfcrnnance of ^Sciiencd Students During 

\ \; • Prdbl^Tft Solving Ta'sks/V School Science and MatheRiaticS, 
■ ^ . ' >9<3): ."235-242, March, "^1979: ' ■ - ^ 

83. Dunn, James Ralph. '"The Development, Testing,, and Validation of 
' ^ \ a Programmed Unit on Ecology." Di8Ser<:at ion Abstracts , 

40(3); 1385-A., September,' 1979.- ■ " . / 

^ \ / ^ 

84. Dunn, Susan. Kerry. "The Effects of AHolisti^^^Thcfljatitf Approach on the 

Problem-Solving an^ Creative! Abilities, and Attitudes of 
Stude\its Enrblled in an Elementary Science Education Methods 
(>>ur^." Digsettatiori Abstracts , 39(8); " 4845-A, Febpiary, 
1979,^^ " "~ , : ^ « 

'85. Eanes, Dolores "^ove. 'T:he Identification of Behavioral Objectives 
ior a ^^Human" Anatomy and Physiology <>durse. Support ive "to the 
Associate Degree Nursing -Programs in^ Virginia tommunity 
College*:?. " Dissertation Abstracts , 39(8); 4846-A, February, 

* ^ ■ -1979., . . . ^ . 

86. Eaton, Clyde Br^ford, Jr.. ''Characteristics of Astronomy Education 

in California. Colleges." Dissertation Abstracts , 39(1^); 
7264-A, June, 1979. ^ ■ 

87. EfeeH&tg, Thomas Harry. "The Effects of Three Teaching Strategic^ 
^^^^^/the Development of EnVir^Tui^ental Attitudes of Selected New^ 

T^er^ey High School Students." ^>i$sert.ation Abstracts , 39Xll); 
6671-A,'^May , '. 1979. ' \^ " ■ ' 



88. Egolf, Kenneth Lee. "The Ef f,ects of Two Modes or^^stVuction on 
Students* Abilities to Solve Quantitat^ive WordT^r^lems, in 
Science." Dissertation Abstracts, 40(2); ■ 778-A, Sttgust , 1979. 



107 



^9. Ehindefo^ Olusola Joseph. **Fpnna^^t)erational Precocity ^A, 
: i / AchljevemenC ;Ln -Biology Amon^-St^me .Nigerian High School^ 

Students." ' Sci^ce Education, 6iXZ): 231-236, April, 1,979. 



t 90. Ehrlich',, Nelsoft J. "A Descriptive Analysis of Teacher Awarensss. . 
Concerning Eneir^y, Sources^ Use, .and Conservation.!* > 
' . Disserbatloji Abstracts ,* 40(6) T ' 3217-A, DeTc^mber, 1979> 

V ^ ; 'T 

' J ' ' ' ' ' * ^ 

' * .93^: Eisenberg^ Anne M. , "The Effect o5 Reading instruction Based oa 
VI . * , Science Content or -the Reading Ability^ of Group of Engineer- , 

^ i ing. Technology Stu<^njts^; ** Dissertatrion Abstracts, 39(12): 

7125-A, June, 197^;^ - \ - ^ ' 



92. • Eslpr , ^lliam* 
Cojnmunic^t 



K>/ et al. ' "Utilising Science Aei;Avities» to Remediate 
toh$ Def icienjciejs Ide^it^iCied ft»X thjS .Florida State 
Assessment 'Te^t^ng Pxc^gran>^ " Sci^ce Bjucgt ion^ 63(3) ; 



'^.^ ^A'^s, Albert Louis*,' Jr»' "The^Effect of Demonstration-Theory 

Versus, Theor^^Deiiionstration Se<Juences and, of Expected Versus 
t Discrepant Outcomes of a Demonstration Experiment* on 
* Subjects* Test Scores', at Bloom* s Knowledge, Comprehension, 

^ , and Application Levels." Dissertation- Abstracts , 39(11); 

\ . 6672-A, May, 1979. ' " . - 

a4. Flljgon, Robert Harold, "instruction in Collgge-Level , Intrd-^ 
/ ■ dUctorV Geology; Interactions of Two Teaching Methods and 
Selected Student characteristics." Dissertation Abstracts , 
- 40(6); - 3217^A, December, 1579. 



95. y^Pitch, Thomas and I^obert Fisher. "Survey of Science Education in 
^ a Sample of Illinois Schools: Grades K-6." Science 
Education, 63(3):" 407-416, July^, 1979. ' . 



96. Fletcher, Richard K, ,^ Jr,, ^'Probability of Success in College 

' Chemistry." Paper ^presented at the meeting of the Tennessee 
. ' Academy of Science, Jackson, Tennessee, November 17, 1978, , * 
, ED 168 88A ' 

^7, Poster, Oma Ruth. . *'The Search, for an Ordered Structure of State- 
. ments and Principles A][>out ^he Ecology of the Chesapeake Bay 
^ ' Estuarine Systems for'Use iV^the Development of Curricula or 
Courses of Study,?' D'issertation Abstracts , 39(8): 4846-A, 
February, 1979. ' ' 

98. Friel, S. and A. H. Johnstone.' ^es the Position Matteir?" ^ i 
Education in Chemistry ,- 16(6)^ 175, November, 1979. 

,99. Fuhrman, M. , et al . "The LabbraCory Sttructure and Task Analysis 

Inventory (LAI): A Users' Handbook." Technical Report No. 14. 
^ Science Education Center, University of Iowa, Iowa City, , 
August^ 1978, ^ . ' . ^ — ^ , 

ED 166 002 - ' ^^r^'T 



ERJC - \; , - 



. 108 

100. P^Uer, E., D. Butts, and D. May. '*The -Spience Achievement *of 

Third GM^ers Using Visual, Symbolic, and Manipulative 
. , ■ ' Instructional^Treatments. " Journal of Research in Science 

Teaching , 'l6(2); ' 129-136, ^larch, 1979. . - * 

101. Pabel, Dorothy and Peter Rubba. **Attitude Changes of Elementary . 

TeacRers According to the Curriculum Studied Durin'| Workshop' 
Participation and Their Role as Model Science Te^h^r^;" 
Journal of' Research in Science Teaching , 16(1); 19-J4, 
■ ' ' January, 1979. 

102. Gates, Tejidy Griffin. "An Experimental Evaluation of the Effects - 

of a 1-6 Science, In"-Service Model on Teach^ Attitudes and ' 
Levels of Questioning in the Elementary Science Study / 
PrggrdSiV'^ Dissertation Abstracts , 39(7): 4l64V^A, "January, / 
- 1979Z v . 

103. Gay, Aaron Allen, Jr. "Student-Cited Factors Which Influence 

Science Course Selections and Low High School Physics Enroll- 
ments.*' Dissertation Abstracts , 40(4): 1988-A, October, 19?9. 

/ ' ' \^ ^ ; ^ ^ ' ' ; , . ^ ' 

-104. Gerrish, Harold Paul; **Air Pollution: vA Muitidiscipii;iary CoUrse i 
for Upper Division Sciencye'and Engineering Students.*' . ' " ' 
'\/ Disser tation Abstracts, 40(4): 1846-B", October, i979. 

• 0 7 

105. Qibian, Leslie M. *'A Problem Solving Model in a General Chemistry 

Course." Dissertation Abstracts '," 40(4): 1985-A, October, 
' ' . 1979^ ■ . . * " ' ^ 

106. Gillespie, Robert J., Jr. ^"Achievement in Audio-Tutorial College \ 

Biology as Compared to Conventional i^ecture-^LaboVatory* ' ^ 
Sequence." Dissertatipoi Abstracts , 4ff(5) : '2446-A^ November,. - 
^ 1979. ' ^ - ■ ^ 

1071 ^Grant,*?Rosalie May. "C^oup and Indiyidual Problem' Solving: Hi^h . ^ 
School Students.'* Dissertation Abstracts, 39(l¥): 6672-A,\i^ - 
■ . . May; 1979, ' T [ [ /; 

108. - Gteene, Charles E. and Michael Szabo. "Effects of Reduced Level 
' ■ \ ' on Achievement In ISCS.*' Science Education , 63(1^: ^ 37-44;, 

. ■ ^ "January; 1979. ' , ^ ^ 

109. Grl^in, *^ames Christcfpher, III. "The Affective Value of % 
\ . * Planetaritjm-Related Curricula in Hfgh, Middle, and Lo^i^ ^ 
, - ^ ■ Achieii^ing Secondary School Students." Dissertat^ion Abstracts , 

, 39ai): 6'680-^; May,- 1979. . . , . / \ ■ * 

, ■ • HQ. Grosd,-Michael;P. and €dwdrd L\ Plzziqi. ♦'The Effects of Combined; 

' ■ , " Advance OjEgatiizejrs and Field Expferienc'e o'n Environmental- , " - . 
^ Orientations of '^Eleipentairy School, Children. ^' Jpurnal' o^f ' -V 

Research in Science Teaching, -1.6(4} t . ' 3?5-331^ July, 19W. ^ ' 



-V- 



, 111. Srotz, Leonard G^. "Eeport of the Fifth Blennla|. Conference on 

Chemical Education: Learning Problems and ^Teaching Strate- 
gics. - JournaJ^_of^_C^ 56(7-8), January, 
1979.^ ^ , . 

* ." 1 ^ 

.li2. Haan,^ Nbnna. '^^n Exploratory Investigation of the Effects of an 
^ Initial. E3cpeflencia^wlth SOIS 's Material Objects Unit on 

' t - 'FlVst Grade Children and Their Teachers." Jar West Lab<5ratory 
for Educatlonal'-rjtesearch and J)6velopment, Berkley, CA, 



Match, 1978; 



Ep 178 ^99 > 



113. , Hagenbuchj' Walter George. "An- Invj^stlgatlon Using an- Aptitude- 
- Treatment interaction Approach to Comparing Two Structurally 
. ' ■ / Different Eighth Grade Science Programs." Dissertation 
' * ' ^' Abstr^ts; 39(3,1): ^ 6502-A, May, 1979. ~ ^ . / ^ 

114'. ; Ha^^, Francis Leo. "The Effects of Personality Factors and. 
. ' * Varying Levels ^pf^ Student Involv^ent dn Knowledge Gained 
' in a College L^el- Earth Science^ Course. " Dissertation 
^ ' - Abstracts ,' 39(12)': J565-A, June, 1979. 

V ^ ■ ^ . ^ ^ ^ ' ' 

115. .Halversoiji, Dean Lowell. "The Effectiveness of a Televised Science 
\ ' .,/tn*Service Model for Improving Elemeixtary Teachfer Attitudes 

and Concept, Knowledge." Dlasertatlon Abstracts' , 40(5): 
2604'-A, Nqvember, 1^79. t " ^ 

* - . y ' . . \ ^ ' / ' , 

116. ^ ^Halyard, Rebecca A. and Brooke M.^Prldmore. "Techniques Used to , 

, Analyze a General, Educatlort Piognam in the Natural Sciences; 
^yl: '.Statement of ExpectA|d (Competencies andTheir As^esdment." 
' PdpSr presented at the' annual meeting of , the (Sqofgia - \ , 
. ' Educational Research "Association, Atheris, Georgia, November 9, 

e6 178^36^ ^ ' . ' / " ' 

117. Hameilnk, Jerry- H. ^"Comparison of Teach'ing Scheipes in an \ 

. Engineering Laboratory, Course." Dissertation Abstracts^ 
4b(3)i 1242-A, September, -1979'. - ; " . ' - 

118^ Harding, Jan. : "Sex Differences in Examination Performance at 16+." 
' / Physlcs^/^ducatlon , 14(5)': 280-284,. July, 1979. ; V - 

119. %ssan, Hassan AMulirahman'^ ' "Pupll^Gotftrol ideology andjthe 

Spiehce ClSssrp6nt'^nvlronoieht\ln the Secondary Schools of 
Khartoum, Su<3&n^-- -iytssert'atlon Abstracts , 40(2): 779-A, 
August, ^19797^ ; ^ ' * . - 

s^ John Michael. Relationship ^Conservation and Propo-* 

^ sltlonal Reasohihg to Science^Achiev^ent on the Jun£6r High 

\ L^vel^" ^ Dissertation Abstracts , 39(12): 7265-A, Jun^, 1-979. 

,121. Helms, StfSan Jane Scott. ■ "A Study'of^ College N»n-Sfilence Majots' 
Expectations of the Scientific Enterprise. ". Dissertation 
^ Abstracts , 40(6): 3218-A, December, = 1979. ^ ^ - 



t 



110 

\ ' . 

122. Hicks, JameS'Lokay^ "An Evaluation of a Graphical Construction 

Technique, Designed for Secondary Schodl Students with a 
7 * > Limited Background in Mathematics, for Solving^ Problems in 

\ PS^C Physics."^ Dissertation Abstracts , 39(10): 60 64-A, 

^ . Apr£L, 1979. " 

123. ^ Hill, Douglas Malcolm. "A Study of the Relation^ip Between 

Visualization and Performance in Solving Problems in 
Science." Dissertation Abstracts , 39(11): 6773-A, May, ? 
1979. ^ ' 

12A. Hofman, Hfelenmarie Herbert. "Primary Students' Attitudes Towards 
Science." Paper pres.ented at the annual meeting of the 
National Science Teachers ■Assoc^ation, Cincinnati, ^Ohio, 
Mardh, 1977.^ 

ED iw 4 

125. Hohly, Richard. "A Basic Problem Solving Skill Not^ Mastered in the 
^ Introductory Calculus Based Physics Course." Kansas State 

^ University," Qnporia, Mimeographed, October, 1979. 

-ED 180 776 



itell^c 



126. Holden, Constance Curnjm. "The Effect of Intellectual Development^ 

and Two Dimensions of Cognitive Style on Knowledge and Atti- 
tudes." . Dissertation Abstracts , 40(6): 3219-A, December, 
1979. 

127. Holiiaay, William G. "Using Pictures in the Classroom," Paper 

.presented at the ^tonual meeting of the National Association 

for Research in Science Teaching, Atlanta^ Gedirgia^^^^archT^ 
1979. . - ^ 

■ ■ ED 170 Ul \ 

128. Holliday, William G. and Louise A. Partridge. '*Dif f^rential 

Sequencing Effects of Test Items on . Children. " v ^Journal of 
^ Research .in Science Teaching , 16(5): 407-41^^ September, 1979. 

129. Holm, Dale Andrew. ^*An Empl^icai %tudy of the Educational Cogni- 

tive Styles of Plato Groupa VS. Traditional Groups .Studying 
Callege Chemistry." Dissertation Abstracts , ^39(12): 7265^, 
June, 1979. , . . - 

* ' . * ' 

\130. Horak, Willis J. "An Investigation of Three Approaches ^or Science 
^ ^ Methods Instruction of Pre-Service Elementary Teachers." 

Paper presented at the annual meeting of the National. - . 

AssociatlonJ|or_^^earidi^n^cl^ Atlanta, 
Georgia^ March, 1979. 
- " ED 170 a63 . . 

' 13.1* Horak, Willis J. and Vincent N. Lunetta. "Science Teacher Types: 
* A Study of Beliefa About thg Importance of Specific Teaching 
; Behaviors." Journal of Research in Science Teaching , l6(3)t 
269-274, May, 1979. ' \ _ 



Ill 



132. Parton, Phillip Bernard. '"Teacher Characteristics and Student 
. Achievement In Bilingual ISCS." Dissertation Abstracts , 
40(6): 3219-A, December, lSt79. 



133. Hough, Linda Wllbanks. **A Study of the Relationships Between 

JCertaln Predictors Used to Assess the Potential Teaching 
' Effectiveness of Elementary Student Teachers in Teaching 

Science.'* Dissertation Abstracts , 39(11):* 6673-A, May, 1979. 

134. Howe, Anfi C. and Margaret Early. , "Reading and Reasoning, in ISCS 

dl^sses." Science Education , 63(1): 15-23, January, 1979. 

135. Howe, Rita Perron. ^ "The Influence of Program Sequence, Past 

Performance, and Participation in Group Activities on 
Achievement In^^^ie Use of the Science Curriculum IrapJ^vement 
Study (SCIg^r^^-^ ^lssertatlon Abstracts , 40(5): 24^-A, 
Nov^obetV L979. ^ ^^-^ 





, Stuart William. "A COmparl^iTof the Relative Effective- 
ness of a Student -Direct^d-'Versus a Teacher-Directed Program 
of High School Environmental Science in Changing Student 
Attitudes To^^ard thg Environment." Dissertation Abstracts , 
39ajjL:^ff674-A, May, 1979. ■ ^ 

m^-lgnatluk, Gerald T. "Influence of the Amount of Time Spent in^. 

Field Trip Activities on Student Attitude Toward Stlenpe" 
and the. Environment." S.S.T.A. Research' Center Repdit No. 
49. The E^earch Centre, Saskatchewan School Tpmees 
Assoclatio*, Keglna, Saskatchewan. 'March , 19^ 
ED 180 758' - 



James, Robert K. and Mark Stalllngs. ^Laboratory Teaching Compje- 
tencles for Secondary Blologv^eachers. " School Science and 
Mathematics , 79(3): 207-215; March, 1979. 




138. 



139. Jaslm, Saleh Abdullah. ^VThe Dei^elopment of Behavioral Objectives 

for The Second JCe^r Chemistry Course In Kuwait Secondary 
Schools." dissertation Abstracts , 40(3): 1395-A", September, 
1979. ^ 

140. Jlmen^z-,^ Farias and Danlfel Rosendo. "An Analysis of the Instruct 
. ^ -^tlonal Components and Their Relationships to Students. 

Achievement and Attitudes In a Physics Course at the Open 
. ' , Preparatory In Mexico." Dissertation Abstracts , 39(7): 

4165-A, Januar^r, 1979. ' ' - ' - 

* ■ * * ' 

141. Jones, Dan Robert. "The Mental Representation of Three-Dlmenslonal 

Shape Conceptualised from Twb-Dlmenslonal Perspective Views, 
.-by^Sixth and Eighth Grade Studentls." Dissertation Abstracts , 
- 39(9): 5429-A; March, 1979. - , . . 

142. Jones, Edward Everett. ''The Dlscrljnlnablllty of Level Specific 

^ Advance Organizers." School Science and Mathematics , 79(1): 
45-53, January,. 1979. ' , V 



126 



4 



112 

143. Jones, Grace ^^ay. '^Analysis and Evaluation of Hlgh School 
Biology Textbooks/* Dissertation Abstracts 39(7) : 4165-A, 
January, 1^79. 

144. Jorgensen, Richard George. "Identification of Selected Science 
Concepts to be Used In Outdoor Education for Eleven and 
Twelve Year Olds In the Midwest.** Dissertation Abstracts ; 

' 39(8): '4717-A, February, 1979. 

145. Kahle, Jane Butler.^ "^A Comparison of the Effects of an Advanced 

Organizer and/or Behavioral Objectives on the Achievement 
of Disadvantaged Biology Students.'* Paper presented at the 
annual meeting of the l^atlonal Association for Research in 
Science Teaching, Toronto, Canada, March 31-April 2, 1978.' 
-ED 164 272 . ^ * ^ 

146. Kahle, J&ne Butler. *' An'' Overture : Teacher Leadership + Parent 

Education * A Formula for Good Schools."" Amerl-can Biolo gy 
Teacher , 41(2): 79, 100, February, 1979. 

147. ' Kales, Eugene' Joseph* *'EvaluatlQn of a Modular Self-Paced Intro*- 
. ^ ' ductory Chemistry Course: Improving the Testing and 

Measurement of Achievement and Attitude." Dissertation ^ 
' Abstracts , 39(7): 4198-A, January, 1979. ^ 

""7^ 148. Kamchatxj[i?as^\Pjfajuabjlt . ' **rhe R^latip^lilp Among number of High> 

School Science Courses, Attitude Towards Science and Biology 
Achievement In Nonsclence-Majors.'* Dissertation Abstracts , 
\ , 39(8): 4760-A, February, 1979. 

* > 
149. Kemp, Judy Beth. **An Investigation of th^ Effects of Varying 
Left ^nd Right Hemisphere ^ctlvilli^ on the Achievement 
of Fifth-Grade Science Students. Dissertation Abstracter , 
39(9): 5430-A, March, 1979. ^ ^ 

V 150. Kennedy,' Gary Gower. **The Effects of Community College Laboratory 

Instruction and Video-Taped* Presentations Involving the^ 
Skeletal system on Cognitive Achievement and Retention." 
^ : Dislsrtatdon Abstracts, 40(2): 780-A, August, 1979. 

.151. Ketcham, Beverly Lynn. ^ *'Afi Analysis of Galvanic Skin Response 
Measur^entd Correlated with Student ^Participation in the 
Electronic Response Programs of a General Education Biology 
Qourse.**^ Dissertation Abstracts , 39(10): 4699-B, April, 
1979. . , 

•152. ' Khan, Muhdiomad Bahadur.. ."The Development of* an ElemEtntary School 
Science jCurrlculuro for Pakistan Based on American. Programs 
''~ ^ , as Models.** Dissertation Abstracts , 39(7): 4I66-A, 

January^ 1979.- ' • 

153. Kllllan, "C. Kodney. **Cognltlve DeveloI>raen t of College Freshmen. 
, Journal' of Research In Science Teaching , 16(7): 347-350, 
'.^ ' . Julyi 1379. . 



ERIC 



127 



113 



/ 



155. 



156. 



King, Robert Eugene. "The Impact on Knowledge, Attftude, and 

Achievement Motivation Scores of- Various Sequences of Field 
Trip and Classroom Instruction Using Selected Energy Educa- 
tion Concepts." Dissertation Abstracts , 39(7): 4166-A,- 
January, 197-9. . , , ' ' 

Klnsey, Thomas Gall. "A Study of the Def enslblllty of Environ- 
■ mental Attitudes: Instrument Development and Experimental 
Testing of Def enslblllty as Related to Knowledge.'^^ 

. Dlssertatilon Al}Str^cts» 39(lO): 6046-A, April, 1979. 

] 

Klrkiand; Henry, Jr. "Evaluation pf an Audio-Tutorial 

of Teaching Blocbncepts at Southwestern Oklahoma St^ 
University." Dissertation Abstracts , 39(12): 7135^ 
June,, 1979. 



157, 



158. 



159. 




160. 



Klshta, Mohammed' A. "Proportional and Comblnato 
In Two Cultures." Journal of Research 1 
16(5): 439-443, September, 1979. 

Kishta, Mohammed A. "Cognitive Levels and Llngulsti^^jil(t4lt^j^ 
of Elementary Schobl Children^." Journal ,of Research lA" ^ 
Sfclence Teaching , 16(1)":" January, 1979.; 

Klein, Margrete Slebert.'^ "A Study In Contemporary Comrftfnlst 
Education: Natural Science In .the Ten-Year General Poly- 
Technical Secondary School of the German Democratic 
Republic." Dissertation Abstracts ^ 39(B): 4847'-A, ^ 
February, 1979. ^ ~ ' . . 

\ : ^ \ J • y . /-^ 

tCnoche, Ja^e Marie. "A StUdy of thp^Feaslblllty of TMfchlng - 
College Physics to Life Sclep^^ Students In the Cohoext of^ 
Major Appllcatlons^*L Dlssec^tatlon A bstracts » 40(6):^ 
3219-A, December, 19/9^ ^ 



161. 



Kbballa, Thomas R. and Charles R/ Coble. "Effects of Irft 
Practical Applications oir^he Preservlce El^epjfary 
Attitudes Toward Caching Science." Jbur^l of Researfihi^n 
Science Teac^ilng, 16(5): 413-417, September, 1979. 




^duclng 
cher^' 



162. Kramer» David C. y'Sclence AttiJ^iide Qhange in Preseirvlce Elemen- 
tary Teachers\ During aiuActlvltyWrlented- Biology, Course*" 
School Selene^ and H^tliematlQs , 7V(4): 294-298, Apri^, 1979. 

.163." Rrlshnan, Kuppanna (Sjpundar. "A Comparative; Study- of the Intro- 
ductory Physics! Program at 'Southern Illinois University at ♦ 
Edwardsvllle daiibus.and East St. Louis Colleges." Disser- 
tation Abstracts\ 40(5):^ 2450-A» November^. 1979. 

1164. ' Kruse» M. Rarnona. "A Qomparatlve Study of the Effectiveness of 
Formal and Informal Teaching In Science^ Math» and Social . 
Studies." Winona, V*. Mimeographed. September* 1979. 
ED ,183 394. ; 



ERIC 



KVtistchlns^^ Richard Eugene. "The Effe(:ts of an Early Parti- 
cipatory Field Experience Program Upon the Teaching Concerns 
^ o¥ Elementary Preservlce Teachers and Their Attitudes Toward 
Mathematics* and Science." Dissertation Abstracts , 40(3): 
1264-A, Septcin^ber, 1979. ^ ^ 

Kudlas, John Michael. "The Effect of an Interdisciplinary .Coifrse 
in Sportsman's Biology Upon High School Students* Attitudes 
Toward Wildlife and the Environment.". Dissertation 
Abstracts, 39(10): 4794-B, April, 1979. 

Kuhn, David J. /'Study of th€ Atti^ttides of Secondary Sch&ol 

Students 'foward Energy-Related Issues." Science Education , 
63(5):\^609''620, October, 1979. - ' - 

Kyl^, Wllliaift Q., Jr., et al . "Assessing arid Analyzing the 

JPerformancia af Students in College Science Laboratories." . 
Journal of Research in Science Teaching , 16(6): ^^45-551, 
November, 1979. ^ ^ ■ 

Bart,' David, E. "The .Ififluence of Knowledge on Young People's 
Perceptions About Wildlife. Final Project Report to the 
National JJildllfe Federation." Ehvironniental Education, Project 
College^f Education, ^tlorida State /tTniversity , tallahassee 
June, 1978. 

ED'^l70-ljS7r^.| , • ' 

Lamb,\Patrlcla ^. "Can Secondary^,Sclenc^.^X£^c^^rs Leacn to 

^ acfiease the. Commonality of Their lectures?" Science * ; 

icatlon^f3(2): 205-2l0^prll, 1979. . 



Lamb, , William G., P. Dayi< R. LeFltore, C. Hall, J. Griffin, and^^ 
E^-" ttolijjea. "The Effect on Student Achievement of Increasing 
"Kin.etUc^-^tructure of Teachers* Lectures." Journal of 

:h In Science teaching , 16(3)': 223-237, May, 1979. 

Harry \eorge. ^ "An Investigation of the Reliability of a 
Criterioii-Ref erenced Teat in Science: LnpULcatlons for 
Individualized Educational Planning for Handicapped 
Students." Dissertation Abstracts , 40(3): 1245-A, 
September, 1979. . ^ ' 

Lavorgna, Gary M. "The Ass^$sment of a'Revlsed Field Study 

Program in Elementary Barrier Beach Ecology.*? Dissertation 
' Abstracts , 40(5): ' 2576-A, November, 1979. V 

Lawson, Anton E. ^ "Comlttning Variables, Controlling Variables^, ^ 
and Proportions": Is There a Psychological Link?" - Science 
Education , 63<1): 67^72, Januaty, '1979. 

Lawson, AntoivE., et al .* '^Development of Correlational Reasoning 
In Secondary Schools: . Do Biology Courses Make A Dlf f ere^ice?" 
^ American Biology Teacher ^ 41(7): 420-425, October, 197 9. , 



Lazarowitz, Reufven and Rachel Hertz Lazarowltz. "Choices and 
Preferences of Science Su^^jects by Junior High School ^ 
Students in Israel.'*'^ Jounral of Research in Science 
\ Teaching , 16(4): 199-203, May, 1979. 

Levin^ ^orence S. an,d " Joy S. Lindbeck. /'An Analysis of 
' Selected Biology Textbooks for the Treatment of Contro- 
^ versial Issues and BiosocialProbleros,'* Journal of Research 
in Science Teaching , 'lSrtSfTri99-203 , Uay, 1979. 




Lewis, .Melanie Carol. "The Eff^ectiveness of Pupil Feedback and 
SeJ^f -Analysis in Chanfeing Selected Teaching Practices of 
Secondary School Science Teachers." Dissertation -Abstracts , 
33(7): 4190-A- . January, 1979- \ 

Liberman, Doy and H. T. Hudson; /"Correlation between Logical^; 
Abilities and Success in Physics.'* American Journal of 
Ph^sics^ 47(9):' 784-786, September, 1979, . 

Linn,' Marc ia C. "Science Education for the Deaf: Comparison of 
>|'djg>l Resource and Mainstream Settings.'* Journal of Research 
^ In Science Teaching ; 16(4): 305-316, July, 1979, 

Lon'g,^ Joe C> > .'S t al. "The Effects if a Diagnostic-Prescriptive 
s' Teaching Strategy on the Achievement and Attitudes of High 
School Bioldgyf Student'^," Papier* presented ^at the annual 
.meeting of the National^ Association for Research in Science 
. ^achimfe, Atlanta, ^rgia^^March ^l-23\ 1979. - 
ED in 57B ^ / 

; ^ J ^ ..^ '^'^ 
LprenzoyO*Neill, 'Conchita^ '^ijfevjelopment and Preliminary Field 
Testing- of a General Biology Laboratory Manual Designed for 
Bilingual (^panish-l^nglish) Instruction at the CotEimynity 
College Level^." Dissertation Abstracts , 39(11): 6674-A, 
' May^:.1979. 

Lowell-, Walter E. /'A Study of Hierarchical Classification in 
Concrete and Abstract Thought.^' Journal of Research in 
Scierice Teaching , 16(3): 255-262, May, 1979.- 

Lueck^eyer, Cynthia^Lon. **An Investigation into the Effects of 
A Modified Verjsion of^ Bl0om*s Mastery Learning Strategy on 
the Achievement of Students in High School Biology.'* 
Dis^ert^ion Abstracts^ , 40(3): " 1246-A, September, 1979. 

i 77' ' ■ I : 

Lucas, Keith Bramwell. , Cognitive Structure Changes in Astronomy 

Students Using Advance Organizers Matched frith Cognitive ^ , 

^ Style.'' Dissertatiqh Abstracts ; 39(7): 4167-A, Janqary, 

1979., . - / / . / j 

Lu<ias, j^hodora Joy. y^*An rnvestigatlon :Qf the Development of Life 
Sifienc^ Concept^ iii Selected Elementary School Scierice Text- 
TOok^/and Labaratory Programs.*' Dissertation Abstracts , 
3?X5)i^"5430-A, March, 1979. 



116 



187/ Lybeck, Lelf.^ ''A Research Approach Into Science Education at 
Goteborg/' Pa^er Resented at the Joint IC/MI/ICPE/CTS/ 
UNESCO/IDM Confereiice, Bielefeld, West Germany, September 
17-23, 1978. 
• ED 166 048 



188. Lybeck, Lelf. ^'Studies of Mathematics la Teaching of Science 

In Foteborgr/' Paper presented at the Joint IC/MI/ICPE/CTS/, 
UNESCO/IDM Conference, Bielefeld, West Germany, Sept^ber, 
1978. ^ * 
ED 166 049 . . 

f 

189. Lynch, P., P. Benjamin, T. Chapman, R. Holmes, R. McCannpn, A. 

Smith, and R. Symons. '^Scientific Language and the High 
School Pupils.'* journal of Research in Science, Teaching , - 
16(4);^ 351-357, July, 1979, . " * 

190. ,MacCurdy, Robert Dougla$, ''Characteristics o't Superior ,Science 

Students and Some jiWctors that were Found In Their Backr 
ground," Dissert jtlo.n Abstracts , 40(5): 2576-A, November, 
1979. 



191. 
192! 



1931 



194. 



MacMlllan, Gerard Foi^ey. "An Analysis of DoTgmatism and Self 
Concept in Pre-^ervice Elementary School Teachers.^' 
Dissertation Abstracts , /39(l2): 7266-A> June^ 1979. 

Mackle, Marlena Kay Baldrldge.. ^'Effects of Instructional Objec- 
tives on Achievement ^^f Field-Dependent and Field-Independent 
Colljege Blol^>gy Students. ^' Dissertation Abstracts , 3^(l2): 
7267-A, Jutife, 197^ 

/ ^ ^ , ^ 

Mall, Ganesh Baftiddur._ '^Cognitive Development of Nepalese , . 
Children/' Dissertation Abstracts , 40(5) : • 2577-A> 
November^ 1979. ' , 

/ " ^ ■ ■ ■ . 

Manley> BaryV Lee. ."JThe Relationship of the Learning Environ- 
ment to Student Attitudes Toward Chemistry." Paper presented 
at thk anftual meeting of the National Association for Research 
in SfiElence Tea^^hlng, Toronto^ Canada, March 3l-Aprll»2, 1978. 
ED 3/67 349 



195. 
196. 



197. 



Marathe/ Eknath V. *'A"Currlcul^ Model for Scientific Literacy^" 
Pfesertatlon Abstracts , 39(9): 5294-A, March> 1979.. 

Marcuri, Lambn Ivan. "Effects of Aerospace Education Workshops 
JDij Teachers Perception of Usability of Aerospace Knowledge 
^/and ^Vills as Alte^^tlve Curriculum Strategy.-^' 
/ jpissertatlon Abstracts^ 39(8): 4847-'A> February,' 1979. 

Marelc> Edmun<i A. and John % Renfier. "Intellectual Bevelopmer^t^ 
I IQ^: Achievement^ and. Teaching Methodology." American 
Biology Teacher , 4l(3): l45-150> ttorch> 1979. 



V 



V 



117 



/ 



^XiKpuctor Evaluation and 
ei Cheni^cal^-Educ^tlon, 



198. ' Martin, R. R. "Correlation Between 

Student Test Scores." Journal _ 
56(7): 461^62, Jiily, 197J9. " \a ^ . * ^ * 

^ - . - 

199. Mattox, Johnny Lynn. **The Use yf. Behavio^ral, Objectives and Ov€?ir- : 

views In General College Mology. " Dls^iertatloH Abstracts, 
40(4): 1989-A, October, 1979.:'' - ' . ^ , ' 

200. McBrlde, John W. and Eugene 1. C^illapetta. *^he Rela^tlon^hl^) 

Between the Proportional Reas6ning Ability Ninth Grade^ 
and Their Achievement of , Selected Math arid^ Science Concept?."' 
Paper presented at the annual meeting of ^he "National As^o^ 
elation for Research in Sc If nc^ Teaching, Toronto, Canada,// 
^ March 31-Aprll 2, 1978. " \ ^ - 

ED 167 351 I ^ ■ ' : 

201. McDuffie, Thomas E. , Jr. ''Predicttog Success In ISCS Lfevel IS. 

Journal of Research in Science Teaching , 16(1^: 39-4^,,- ' - 
January, 1979. ' ; ' 

'''^ ' ; " ^1 ' ^ ^ ' ^ ^ ' ' 

202. McDuffie, Thomas E. , Jr. *T)l^fer^nces Among Factors Associated 

with Achievement Graups Withiti and Between |SCSj£ev01s t,^ 
II, III.'* Paper presented at the anntialMneetlng of^ the 
National' Association for Research^'in Science Teaching, 

; Toronto, Canada, March 31-Aprll 2, a97&.^ . ' 

' ED 164 268 ^ . ' 



-A' 



203. 



^204. 



205. 



Mc(>afaan, James Eugene. **A Coidparl^on Betweeh. Ir^tdividualized and 
Small 

the Cognltj 

Dlrectedness." Dissertation Abstracts. . 39^X11): 6675-A, 
May, 1979. ^ " \, " \ ' - 



Group Instruction in Pace Chemistry jfc^n Evaluating' 
^gnltlve 'Doinaln, Affective Domain, and^Self^ \ 



McKenna, E. Daniel, et al . **S64tence feducatlon ^ta Small and Lar^e\ 
Institutiona:""" Problems and' Solutions. ^* gc'lencfec Edtfeatlon , , 
- 63(3^: 373-380, -July, 1979.. ; ^ 



McLeod, John Irving. "^*A Comparatiye Study Involving thei' Pevelop- 
ment. Teaching and Measurement of Leai^nlng Outcomes anj^.' 
Student Attitudes by Use of a Combined Lecture-La1)oratoi:y \ 
Course in Con^(imer Chemistry for Non-Science Major Under- 
graduate Students.*' Dissertation Abstracts , 40(4): .1^86-A,* 
October, 1979. ' ■ ' 

^ . 
McMillan, James H. and Marcla Jl ^May. '*A Study of Factoi;:s Influ- 
encing Attitudes Toward Science of Junior High School 
Studenta.** Journal of Research in Science Teaj;hlftg , 16(3): 
217-222, May, 1979. ^ ^ \ > ^ 

Mengel, "Brenda Moore. "Science Curriculum Selettlon Cri-teria' 
' as 0issemlnated by Declslon<ftrakers, Change Agents' an4 
Curriculum Developers/Publishers." Dissertation Abst racts^ 
, 39X9)1 5431-A, March, 1979." * *; . * ; 



t. 



'IRJC 



132 





/ 



1 



118 



2d8.^ Meyers,. proL^Ann. , ^^ersonallze^ Systefti of 
^ \ Genferal^ ChemlSfty at ^E^^mall CaHegeii** 
^ ^ Ubjtracts , '3-9(12)^7267Va: ^uneV 379. 



Instruction (PSI]{^ln 
Dissertation ^ 



209*\ Mllako#»Ky,^^?lAul&'an^^ ^. ^attef sori.y '*Chefeical Eihic^tlpnv 
- andr-Plagfit^^^' ^ New PapeE*^nti^^ InyenbaiW to-^Assess pognl-^v 
1 v 'iflve Functloniciygv.*'^ JTournaLof^CHemfcal Mucal^ 

5n,\ Jame3^L. * y^E/a;Luagion of ihe Ef feet oT, JLatotatory- 
Orientea Scf^nce-Currlcul^um Materials on the '^tit-ude^ of 
Studentis with! Reading Dlf f IcuHles. '^ Science Educatl<^n , 
63(i)r " 9^14j:janUary, 1979. 



^10. Mi 



2ili^ ^Mitchell*, Harold Elbert. *'An Investigation of the Relationship 
* Y ^etween-Attlfude and Achievement In Introductory College 
^' Biology.*' ^ pis3ertatlon Abstracts , 40(2); 780-A, August, 

212^7 Moeller, Jean. ^^fGen'eratli^, and Implementing School^Based Manage- 
ment of Proiram Development.". Practlcijm Report submitted In 
partial^, f^lfllliuent of the requirements for the degree of 
jDoctor'a? ^ucatlon,. Hova Unlverslty> October, 1978. 
."ED l)0 IM 



3. ' tiolliira/ Maj-y 

7 , I for ^e^chl|]ig -Peyclologjy.^' 
/ J 3901M, Ddceinber^,JL979.,/ 



?jancesca. ."A ConcepwialLy-Structured Curriculum 
Dissertation Abstracts, 40(6)^ 



liA/ Mantgomery, Ritthard John.. '^TheyRelamve Eff^tlyeness of Three 
: / LeVels^ df I Realism in Illuafcratlons ^on the^ -Achievement o| 

' ' Y^ifll^g^ fitology Students// Dlrfsertat'lon A^gtracts ,^ 40(6); . 
^ /3220-A^ December, 1979?/ 



215. Moor^, C^roi;^ Hlnkle. '*tt|jVe^9pm^nt and Evaluation of Tech- 
^ nlques.fpr taboratpxaT Use of Computer Aided Inptrutt'lon.** 
. I Dlssert'jtldn AbVtt»fts , 4(^1): 197-B, July, 197?. 



/ 



/ 



21^r l^ore, Laftnyt^mith.^ ySV Surve^ of Science Educat;Lori In Public 
Secondly 'Sehcja^/in Selected Counties of East Tennessee. 
Dissertation jMfe/ractar' , 40/2):' 652^, August,. 1979.; 

217. Mqlla, Mohafcmied Jfoi^r ^ , VAptltude, Att Itude/ Motivation, Anxiety, 
Intolerance Off Ambdguity^ and other\Blographlcal Variables 
as Predlytojrs/of/Achi'evCTient In EFL by High "School Science 
Mfl^ou Simlor/|in Sdd&l Arabia.*' Dlssett;atlon Abstracts , 
^0(5>;A252J^ November, 19^9. ; \ 

\ 218. Jfonra/ Sjrfirley^6$ei. "Ju^tltyln^ ^1><e Inclusion af Science In 
tMBSchdyi^ A Theoretical Analysis." 

" VsertiHilon Abstracts, ' 3yt7) : 4b28-A, January"; 1979. 



ERIC 



13€ 



119 



219. 



220. 



221. 
222. ' 

■ 

224. , 
225. 



Myer, Teresa A. ^'Changes in Attltud^g towafd Environmental Educa- 
tion and Selected Teaching Behaviors of Teachers.*' ,M,S. 
Dissertation, The Ohio State University, 
EI> 170 ^ 

National Assessment of Educational Progress. ''Attitudes Toward* 
Science." Educatigp Commission of the States^ Denver, 
Colorado, October, 1979. - . 

ED '177 017 - ' ^ ^ . ^ 

New York State Department of Educatlpn. "In-Depth Survey of 
Science Programs In New York State, 1973-74." New York 
State Department of Education, Albany. 1974., 
^ ED 180 760 ' \ ' / 

Noble, W. C. et al . "Comparison of the Efficacy of SUde/Tape ^nd 
Cine-Loop as Teaching Aids for a Microbiological Technique.*' 
Journal of Biological Education , 13(3): 204-206, September; , 
1979. ' \ ^ ^ 

Nussbaum, Joseph. ^Tbe Effect of the SCIS's "Relativity** Unit on* 
the Child* s Conception of -.Space.'* Journal of Research In 
Science Teaching , l6(l)r .45-51, January, 1979. 

NusslSaum, Joseph. **Children*s Conceptions of the Earth as a 

vCbsmlc Body; A Cross ftge Study.*' Science ^ucatlon , 63(1); 
S^3, January, -1979. 

Ogbom, Jon Ed.'et al. "Students* Reactions to Undergraduate^Sclence. 
Higher Education Learning project ^(b.e.l.p.)-*Physlcs.V 
Nuffield Foundation, Xondon. J1977. ^ ' ' 



ED 168 865 



226. 



227. 

228. 
229. 



230; 



Olarlnoye, Raphel Dele. '*A Comparative Study qf th^ Effectiveness 
of Three Methods of Teaching a Secondary Schoo^l^byslcs 
Course In a Nigerian Secbndary School.*'. DissfertA^rfon 
. Abstracts . 39(8); 484"A/\Febl:uary, 1979. 

Olson, J^. K. *'Sclence Teacher p\rtlclpatlotr in Cur/iculum Develop- 
ment; The Teacher * P6lri& of /View. " Journal of Research in 
Science Teaching , 16(5); ,A91-400;^ September, 1979. 

JEjiysics 



ffifmerod, M. -l^i. et al . 
^ * - Educatlon,\ .14 (5) : 



*Glrls and Physics Education!" 
271^277, July, 1979. 



0*Sulllvan, PatrlHa S,tark. "The Effects of InServlce for Matn- 
' taj^nlng th^ J^JW^at-Q^ Leamlng*=^nvlronment on Junior High 
School Science Taach^rs and on Selected Student Outcomes." 
Pigsertatlon Abst^^cts , 39(11); 6676'-A,, May, 1979*; 

Owens, Arthur Michael. "A" J)iscrepancy Analysis of Basic Science 
Teachlrtg Competehcles in' Secondary Science lo Texas." 
DlssertaHon Abstracts /40(3) ; - 1397-A, September, 1975^. 



■IT" 



120 




231^ Ozso^omonyan, Ardas and Drew Loftus, "Predictors of General 

Chemistry Grades." Journal of Chemical Educa'tlon ',^ 5.6(3) t 
. \ 173-175, March, 1979. 

232. - Ozso^omonyan, Ardas. - **An Application of Gagne^s Principles of 
Instructional Design? Teaching the Llttiitlng-Reactant 
Problem:^* Journal of Chemical Educatlon ;\56(12) : 799-801, 
.December, 1979. 

^ ' * ' " ' \ 

233* P^dllla, Michael. , "Cognitive Development and Selene^ Instriic- 

\ tlon: A Review of Some Recent Research Findlngs.M| Pape* 

t presented at the. annual meeting of the National Scl^ce 

Teachers Association, Atlanta, Georgia, March, 1979/ 

ED 171 582 , , 

234. Padllla, Michael J. and Edward L, Smith. "Experimental Results 
/ ' Teaching First Grade Children Strategies or Nonvisual 

SerlatlQn." Journal of Research in Science T^eaching , 
^ 16(4): 339-345, July, 1979. \ ^ 

* ^ , * . . . 

235. Paulsen, Marljane Axtell. ^'Effects of Three Instructional 
' . Approai^hes (Lecture-only^ Lecture -Laboratory, and Lecture- 
Delayed Labor atory)\on Community College Students* Achieve- 
ment in a General Education Environment Science Program.'* 
Dissertation Absti;acts ^ 39(9): 5358^, . March, 1979/' 

236. Prldmore, Brooke McCoy. ^'Predicting Success, in a Non-Calculus * 
. Based Pb^sics Course at a State-Supported Junior College.** 

Dissertation Abstracts , 39(7):" 4168-A, January, 1979. 

.:23?1 Peterson, 'Rita '*Refsearch Paper: Changes in Curiosity Behaylor 
from Childhood to Adolescence.*' Journal of Research in , 
gclence Teaching , 16(3): 185-192, May^J 197 9, 

238. Peterson, Kenneth D. and.Duba YaaVobi. *'Self-Concept and Percep- * 

tlQns of Hole Behavior of High School Sclence^St^udents and 
^ Teachers:^ IJew Assessment Instruments,*' Journal of Research ^ 
in Scl^ce t'eacfalng , 16(5): 433-438, September, 1979, 

239. ' Fetrlch,, James Albert, 'The .Effect of Inst^ructor-Prepared Handout 

Materials oft Learning from Lecture Instruction.** Dlsserta- 
tion Abstracts , 40(3): 1386-A, SeptHnbep, 1979. ' ^ • 

240. Pines, A. 'Leon. "Alternate Perspecti^^esT^ on Concept Int^haliza- 
; tion: Learning Top Down Vs. Learning Bottom Up." Paper 

presented .at the ^nual Conference of the'^Eastern Educational 
^ Research Association (EERA), Kiawah Island,. SC, , February, 1979. 
. ED 170 162 ^ ^ ^ 

^ ' ' ^ . 

241. .^Plper, Martha K, and Linda Hough.' **Attltudes and Open-Mlndedness 

, ■ of Undergraduate Students Enrolled in a Science Methods 

; * \ Course and a Freshman Physics C9urse," Journal of Research 
■ in Science Teaching , 16(3): 193-197, May, 1979. 



ERIC 



135 




V . 121 

Plewes, John^^'iVv fHlxed-Ablllty Teachlng-rA Deterioration In 
Performance^^ Journal of Research in Science Teaching , 
16 (3>! 229"23^May, 1979. - . 

' ) > ' ' ' 

243. Polland, Ronald Jay. "Qualitative Variables in the Use of 

Analogies to Facilitate Rule Using In Electrical Science." / 
Dissertation Abstracts , 39(H^ 6512-A, May^ 19^9. 

244. Pr-lce, Charles;Lee. 'The Science ^RoleNJoncepts and Dogmatism 

of -Preservite Teachers in Selected Elementary Education 
V Programs.^ Dissertation Abstracts , 39(8): 4849-A, 
February, 1979. ^ ^ . 

245. Prosser, Michael. "Cognitive Analysis of Physics Textbooks, at ' 
the tertiary or College Leyel.\ Science Education , 63(5): 
677-683, Ottober, 1979. V ^ * * 

246. Quint, Walter Charles. ^ "Secondary Transfer- of Energy Awareness 

from Student to Parent Based on ♦a'^ Home-Centered, Activity- 
Oriented, Energy-Focused Cutrlcurum." Dissertation Abstracts , 
39(11); 6676-A/May» 1979. 

r ' *\ , ' 

247. ' Raghublr, Karran P. "The Labpratory-Investigatlve Approach to 

Science Instruction*." JoumaJ. of Research in Science ^ 
/ Teaching , 16(1): . January, 1979. . ^ ^ 




251, 



RaghubUr, Karran P. "The Effects of Priqr Knowledge of Learqlng 
H Outcomes on Student Achievement and ReJTentlon ^n Science ^ ^ 
. . Instruction." Journal q^S. Research in Science Teaching , 
, U6(4); 301-304, July, 1979.- u^ ,, ^ 

Ray,. Charles Lear. "A Comparative Laboratory Study of the Effects 
pf Lower Level and Higher Level Questions oir Students' 
Abstract Reasoning and Critical Thinking ^n Two Non- ^ ^ 
Directive High School ^Chemlstry^ Classrooms." Dissertation ^ 
r Abstract? , 40(6); 3220^A, December^ 1979. * ^ ""'^ \ 

Renner, John W. *'The Relationships Between Intellectual Develops, 
ment and ^ritte^ Responses to Science QuestJLons." Journal 
V of' Research in Science Teaching, 16(4); .279-299, July, 197?. 




mds-On 



l^ey, Joseph P. ,11. ."The Influence 6f Hands-Ofi Science Process 
yTraining on Preservice Teachers' Acquisition of Process Skills 
Attitude Toward Science and Science Teaching^" ^ Journal 
jtes^arch in Science Teaching, 1^(|&) ; 



373-384, September, 



197 9\ 



\ 




Roller,. BeveiTlv VanOrden.~^":^ra)th^ Re^adlng Abilities of Seventh 
Grade Students.^* Dlssertatlon^bstracts , -40(2): 785-A, 
August,* 197^^ 




— . . . • . . ^ ■ V 122, 

V . . ' ' ^ ^ 

^3. Roiiiano/ Anthony W.* "A Study to Determine the Correlation B'etwe^^n 
' 'Secondary .Teachers^ Biology Knowledge and Student Achievement 
In BlDlogy. " Dissertation. Abstracts , 39(10): 6047-A, April, 
: ' 1979. 

2534. RosSi Elbert Milton* . "The Effect of Structured Verbal Coraniunlca- 
,.tlon on Principals' and Teachers' Perceptions of the Adeq{iacy 
? ■ of Instructlo^oal Materials and Teaching Conditions/' 
Dissertation Abstracts , 39(12): ^ 7268-A, Junfe*, 1979. 

i 

255* Roy," Robert Harrison. "Se'oondaty School. Earth Science Teaching," 
1918-1972:- Objectives as Stated In Periodical Literature." 
Dlsgetfatlon, Abstracts / 40(2): 781-A, August, 1979. / 



256*. 



"257. 



^258. 



Russell, John Michael. ."The Effects of Problem Solving on Junior 
High School Students.' Ability to Apply and Analyze Earth 
Science Subject ^tter." Dissertation Abstracts , 40(3): 
1386-A, September, 1979. ' ^ 

St. John, Harry Mark, III^ , "Thinking Like a Physicist! New Goals 
and,.Methods for the Introductory Laborafo^ry. " Dissert at Ion 
A&stracts , 40(1>? 181-A, July, i979. ^ ^ - ' ' 

"Sallb, Tahany Mlgally Abdallah. - ^'The "Effect of Discovery and 
Expository Methtfds of Teaching Selected, Ph>;slcal. Science 
Concepts on. Science AchievemTent ^nd Attitude of Students In 
an Egyptian' General Preparatory School for Girls." 
lilssertat ton Abstracts , 39(8): 4849-A,^Febi*u^y^ 1979." 



259. 




261. 



^262; 



San Julian, Gary. James.^ ^ "Ecology™A Corres^pondence Approai;}^. " 
Dissertation Abstracts , ;3$(85: 3e71'Br, Fe1?i;uary,' 1979. ^ - 
[ ^ * ■ . ' 

Saunders, Ramona L. and^ussell\H. Yeailj^. "The Effects^pf 

lagoosls, . Remediation and -Locus of Conti;oJ ofi Achl^^ement',^ 
Re^etrt4on^:^'d Attitudes of Middle School Science" Students. " / 
Paper presented dt the annual jneetlng of the National Asso^. ^ 
elation for jfeesearQh In Scleixce Teaching, At lefnta, ' Georgia, 
, March, 1979.' ... ■ V ^ - / ' 

ED. 174 404 " ■ , ■ • . . . 

Sounders,* %ltftr L. and Donald. H> Dickinson.^ "A Comparison of 

Community College Students' Achievement and Attitude Changes 
In a l^ecture-pnly ''and Lecture -Laboratory ApproacK to General 
. ^Education Bi9logical' Science "CourseSr" Jo.urnal of .ResearctjV i^^ 

In Science Teaching , 16(5):^ 459-4647 Sept^bifer^ 1979.' 

^ *' 

Schlenker, Rich^d M. "An Evaluation of'^PostrCourse Student 

Attitudes in -an -Aud-lo^f ytt>rfal College CKemlstify Course." ^ , 
Department tff Arts Sqd ^Sclerioes, Maine Maritime Academy, 
Castlne, ME.^>^ 'Mlmeo^rapKed^ September, 1978. , 

174 394 ^ . ! ^ ■ . ' ^ / \ 




hlenker,' Richard M. and Donald Crowell. '*CH:i2ens' Percep-^, 
of the Marine Environment an<^ the Placement of ^re- 
coxlege'^MatdiieJUucatlon Instruction in the fubLlc School." 
^ Maine |larltlAr^iSeB<tein3t,^ffStlh&^ VtB^; Veterans AdmlnistratllJn 
^HosplTtal, Brdcktdn, MAT^'lttmeogtaphed^ September ,' 1978. 
■ EI> .1?0 161 ^ < . 



; ERIC 



Z64. Schroed^r, Mark Henry. ^ ^'Plagetlan, Mkthematlcal and Spatial 
/ Reasoning" as Predictors of Success In Computer ^^rogratnmlng, ** 

Dlssertatrlofi. Ab3tracts . 39(8)'; 4850-A, 7e|>ruary, 1^79,- 
■ • * , ♦ ' ^ * 

265. S^cott, Juanlta Siroons* "The Effects of the Statenent — Pie Study 
Technique on Acadeinic Performance of Students In an Under-^ 
graduate Science Course.** * Dissertation Abstracts , 40(3)! 
' , T 1253-A, September, 1979. ' • ' 

, * 266. Shaffer, Jeff rey Eugene. **The Effects of, Kohlberg Dilemmas, on 

Mortal Reasoning, Attitudes, Thinking, Lbcus of Control, ,^ 
\ J Self-Concept an^ Perceptions of Elementary Science Methods 

^ 3 Students.** Dissertation Abstracts , 39(8); 4850-A, February, 

1979. - ' ^ i 

* , ' ^ 267. Sherbo, John Willar<J, Jr. **The Effects of Visual Advance Orgarjl- 
, . ^ers on the Learning at/d Retention of Selected Physics 

' \ Prlnclplefit by Junior High School Science Studetnts/' 

\ . ■ PlssertatioQ Abstracts , 39(7): 4168-A, January, 1979. 

■ - 268. Shrlgley, Robert L. et al. _*^SEE-ITV and Professional Reinforce- ^ 

* ' . ment: A Teicher*s Model lor Implejnentlng Currlculjom -Change 

■ , at the District Level.'** ■ Science Education , 63tl): . 3-8, ' 

" " . ' • V January^ 1979. 

y " 269. 'Shrlgley, Robert L. and Cecil. R. Trueblood. *'Peslghlng a Llkert- 
' - Type Scale to Assess Attitude Toward Metrication.** Journal ^ 

. : of Research In^cjence Teaching, , 16(l)r 73-78; January, 1979_. 

" ■ - " ,270.. Sbymansky^ James A. and John E. Penlcki **Use of Syst^atlc 
^^^^ ^ ■ ^ Observations to Improve College^ Science Laboratory Instruc- 

' , ^ tlpn.^ Science Education , 63<"2): 194-203, April, 1979. 

\ . > ' - * ■■ 

271. Shymansky,' James A. and Larry D.^ YQxe. **Assesslng and Using 
^ ^ ' . Readability "of Elementary Science Texts. ** School Science 

and Math^atlcs j" 79(8): ' 670-676, .Itecember, 1979. 



272i, Simpson, Iflonald D.- '-*Breeding Success In Science. *^ - Science 
Teacher , 46(8): 24-26/ November, 1979. , 

■V ; . . , * . . 

27% Sltkoff , Seymour. **A Study of Scl^hce^AchlervemeTit by Low-Afclllty 
^Elementary Students when Using a Specialized Instructl(^al 
Approach.** Dissertation Abstracts , 39(11): 653,6-A, May, 
^ . , ;19?9. ' - , , ^ . ' 

^ ; ' " ^ j * ^ ' ■ ^ 

274. SJtoog,, Gerald. **Toplt of /Evolution In. Secondary School Biology 
, «Textbooks:\l900-1977-.** Science Education / 63 (5) ; 621*6^0, 
Octol>er, 1979.- " . ' . ^ 



275.. I^nith, ^Walter S., ati^ Cynthia I, 'Lltmau. **Early Adolescent. Girls* 
' ^ - ^ and BQys*' Learning of a Spatial Vlsualizat log; Skill.** Sctencfe 

. ^ ^^-- ^Educatloh , ""63 (5); j671-676', ^Octobei^, X979. ^ ^ , , 



276. ' Snelder^ Gary I. et a l. ^'Summatidve Evaluation of a Participatory 

* Science Exhibit."** Selene^ Education , 63(1): 25-36, January, 
1979. . . ^ ' , 

277. Speece, Susan PKlllips. ^'In^lana Science Fairs: A Study of 

, ' Student Perception of Benefits and Teacher Influence of - 

Student Participation.*' Dissertation Abstracts , 40(3); 
13«7-A,. September, 1979. 

278, . Spencer,' M. - *'Some -Agents of Science Curriculum Change." Education 
. In Science , 82: 22-23, Aprils 1979. 

279. Spoons, W^llam E. and Ronald D. Simpson. "The Influence of a 
, Flve-Itey Teacher Workshop on Attitudes of Elementary School 
"Teachers Tb^arfl Science and Science Teaching.^' School 
Science and Mathematics , 79(5): ,415*420, May-June, 1979. 

28p,, Staver, John R. and Dorothy L. Gabel. '*The Development and ^ 
Cpnstruct Validation of a 6roup-Admlrtlsj:eir^d Test of Formal* 
Thought." Journal of Research Ip Sx^ence Teaching , 16(6): 
535^544, November, 1979. ; . -^ ' ^ , . • 

281. Stayer; John ^-^^^"Harold Harty. .**Valldatlon of an Insti^ument 

^ and Testing Protocol for Measuring the CbmBlnatorlal Analysla' 
-'Schema." Journal of Research In Science TeacHing^ 16(1): 
* '53-59, January, -1979. 



282., Stephenson, Robert Leonard. ^'Relationships Between the Intelle- 
ctual Level of the Learner and Sj:udent Achievement In High 
r School Chemistry."'' Dissertation Abstracts , ,39(11) : 6677-A, 
^ May, 1979. 



Use of Toys In Teaching Scientific 




283. Stltt, William Baker, 



iJoncepts." 
1979.\ 



Dissertation Abstr^ct^i^X^) : 5297-A, March,' 

Trr 1 




286.' 



if, Richard Joel. "Cognitive Level and Other Variables as 
Predictors of Academic ^Achievement In a Level III Unit 
Intermediate Science Curificuluin E^tudy.V 
Abstrac^ts, 40(2): 781 -A, August, 1979. 



Dissertation 



Story, Lloyd E. and Iva D. Brown* '^Investlgatlcin of Childrjen's 
Attitudes Toward Science Fostered^by a preld^Based Sclen%:e 
Methods' Course." Science Education , '63(5): M9-654, 
' Octobet, 1979. ' , ; " . 

Stout, Robert panels. "Biological Demonstratlotis In the Teaching 
, of Stereochemical Unit In ColJ.ege Organic 'Chemistry.*', 
Dissertation Abstracts , 39(12):. 7268-A, June, 1979. 

Strickland, A. W. and John R. Staver. "A Hoosler View of Eco- 
^logical Attitudes and Knowledge'.?.,, Journal of Research 



in Science Teaching ,' 16(3): 249-253, Itoy, 1979. 



ERiC 



139 



125 



288. Suchareekul, Jarlya. "The Inquiry Betiavlor Preference and ^Perfor- 

mance of Thai Science Teachers." ^ Dissertation Abstracts , 
39(9): 5431-A, March, 1979. 

289. . Sullivan, Raymond J. "Students' Interests In Specific Science 

f Topics'.^*, Science Education , 63(5): 591-598, October, 1979. 

290. SjymlngtonT^^^l^ld j. ^'Improving the Ability Student Elementary 

Teachersta Propose Investlgable Scientific Problems." 
Journal of Research In Science Teaching , 16(5) : 453-457, 
September, 1979. , ' , . 

291. Tamlr, Plncha;B. "Sclent^lflc Curiosity and Inquiry.'* * School 

Science and Mathematics ,^ 79(5): 424-430, May^Tune, 1979. 

292. Taylor, J. "Sexist Bias In Physics Textboolts." Phyaics Educa- 

*tlon, 14(5): 277-280, July; 1979. 

293. Theobald, John Hamllt{)n. '^Attitudes and Achievement In Biology: 

^. An Investigation of the Effects of Student Attributes -^nd ^ 
Teaching Styles qn Attitudes and Achievement In Secondary 
Schdol Biology." ?h.D. dissertation, Monash University, 
Australia. 1977. ' , . 

" ED 165 989 ^ 



294. Thoman, John Henry. '*The Relationships Between Teacher Knowledge 
^ of Science, Preparation In Science, Teaching Experience and 

Fifth Grade Achievement ^In Sclehce./' Dissertation Abstracts 
40(5): 2578-A, HoVember, 1979. 

295. Thomas, James Luther. "The Influence ot Pictorial Illustrations 

with Written Text and Previous Achievement on the Reading 
, Comprehension of Fourth Grade Science Students" Dissertation 
^ Abstracts , 39(7): 3997-A, January, 1979. ^ 

296. .Thompson, H. "Sex Differentials in Physics Education." Physics 

Education . 14(5): 2-85-288» July, 1979. 

297. Tlghe, Mary Ann, "A Survey of the Teaching of Composition In the 

English Cj^assipoom and In the Content^ Areas of Socj.al Studies 
and Science." - Dissertation Abstract s > 40(5): 2584-A, 
^vanter, 1979. 

298., Tobln, Kenneth G. '*The E^ect' of an Extended Teacher Walt -Time . . 
^ om Science Achlevetsmt . " Paper presented at the annual 

meeting of ^the National Association for Research In Science 
Teaching, Atlanta^ Georgia, March, 1979*. 
ED 171 577 / , ; > 

^99. Tobln, \Kenneth G. and William Capl^e. "The Relationship of Forma. 
^ Reasoning Ability aptid Locus of Control." Paper presented at 

. the^nnual meeting/of the Southeastern Association for the 
Education of Teaching of Science, Ann Jordan Lodge, Alabama, 
/^•^fc**^ October, 1979r 

ED 179 386 ' ' - 



126 



300. Toews, William. "Study of the Cognitive Structures of Unified 

and Subject-Centered Science Students and Those of Their 
Teachers." Science Education , 63(2): 173-182, April, 1979. 

301. Tolman, Richard R. and James P. Barufaldl. "The Effects of 

Teaching the Biological Sciences Curriculum Study Elementary 
School Sciences Program on Attitudes Toward Science Amon^g 
/ Elementary School Teachers/' Journal of Research in Science . 
Teaching . 16(5): 401-406, September, 1979. 

302. Torrence, David R. et al. "Development and Validation of a 

Televised Test of Science Processes." Paper presented at 
the annual meeting of the National Association for Research 
- In Science Teaching, Toronto, Canada, March 31-April 2, 1979. 
ED, 166 001 

303. Trainor, Eugene Francis. "The Role of Investigation and Discus- 
' ^ slon In Chlldren*s Conceptual development In Science.** 

Dissertation Abstracts , 40(5): 2578-A, November, 1979. 

304. Treagust, David Franklin. *'An Investigation of^Plaget's Infra- 

logical Groupings .Concerning Projective and Euclidean Space." 
Dissertation Abstracts . 39(12): 7269-A, June^ 1979. 

305. Treasure, Morris. "Alberta Science Achievement Study: A Study 

Conducted for the Minister's Advlagry Committee on Student . 
Achievement." Alberta department of Ed.ucatlon, Edmonton, 1978, 
E6 174 458 

306. Trowbridge, David Earl. **An Investigation of Understanding of 

Klnematlcal Concepts Among Introductory Physics Students." 
Dissertation Abstracts, 40(6); 3220-A, Decemtfer, 1979. 

307. Trummel, Donald Russell., "The Comparative Effect of Four""" ' 

Instructional Methods Upon the Achievement of Nine Cognitive 
Skills In a General Education Physics Course." Dissertation 
Abstracts , 40(1): 181-A, July, 1979. 

308. Unan, VlolettB Shaflk Sorlan. "A Comparlson'of the Effectis of 

BSCS 'and Traditional Biological Science on Achievement, 
Critical Thinking Ability, and Attitude Toward Science, 
Sci^tlsts, and Scientific Careers ^of Female Slow Learners 
m an Egyptian Preparatory School." Dissertation Abstracts , 
39(8): 4706-A,- February, 1979. 




309.^ Uzzq^ Frank P. "A Comparison of Attitudes of Blaek. Puerto Rlcan 
and White High School Students Towards Certain 5<^ence'- 
Related Social Issues.'' Dissertation Abstracts , 39,(12): 
7270^A, June, 1979. ^ * ■ 



ERIC 



1^ 




' \ ■ 127 

310., Vandenberg^ Geraldlne Jean. "The Rel^at^^onshlp of Froposltlonal 
Logic, Formal Operational Thought, and Analytical Thought: 

' . And An Investigation of Hierarchical Relationships o.f the 

Fbrmal Operational Schemata.*' Dissertation Abstracts , 40(3): 
1388-A, September, 1979. 

311. van den Berg, Euwe. . "Cognitive Preferences: A Validation Study." 

Dissertation Abstracts, 39(12): 727b*A, June, 1979. 

312. van Eaton, James Oscar. "Development and Valldati^on of a Multl* 

dlmenslonal Science Sentiment Inventory for the Intermediate 
Grades by a Modified It^ Analysis Approach." Dissertation 
Abstracts. , 39(9): 5300-A, March, 1979. 

313. Vannan, Donald A. "Adapt€^Suggestlology and Student Achieve- ^ 

ment." Journal of Research- In Science Teaching , 16(3): ■ 
,263-267, May, 1979. 

314. Vlcks, JoAnn. "An Analysis of the Relationship Between Solicited 

Student Characteristics and the Effectiveness of a Personal- 
ized System of Instruction In Biology on the Achievement of 
Junior College Freshmen.'' Dissertation Abstracts , 40(2): 
659-A, August,/ 1979. 

315; Vlnelll, Jose L^, C. J4atthews,0. Schlltt,'"S. Abhyankar, and D. 

McKee. "A Comparative Study of the Effects of .Two Teaching . 
Strategies In an ActlvltyrCentered Science Program on Middle 
School Students^ NeedWVff Illation apd Teacher Dependency 
Behaviors." Journal of Research In Science Teacrrlng ^ 16(2); 
159-165, March, 1979. 

316. ydtaw. Thorn Austin. "A "Comparative Review of Selected Elementary 

School Science Kits iov Environmentally Related Concepts." 
, Dissertation Abstracts , /39(11); 6517-A, May, 1979. 

317. Walker, Richard Andrew. '^Effect of Sequenced Instruction In 

Introductory Mendellan Genetics ^on Plagetlan Cognitive 
Development In College StudentsV Dissertation Abstracts , 
39(10): 6048-A, April, 1979. 

318. Walker, Richard A. et al. 'iFormal Operational Reasoning Patterns 

and Scholastic Achievement in Genetics."- Journal of College 
Science Teaching , 8(3): ' 156-168, January, 1979. ^ ^ 

319. Walker, Rlchard'A* pt al. "Written Plagetlan Task Instrument: 

Its Developnfent and Use." Science Educaltlon , 63(2): 211- ' 
■ V 220, April, 1979. ■ T ' ^ ; 

320. Wallace, Waymon Lether. "Effects of Individualized Instruction 

•on <Atrtendance and Achievement In- Biology Among Frequently \ 
Absent ^^enth Grade Students.*' plssertatlon Abstracts , 39(8): 
4851-A, February, 197§. ^ - 



^1 



330. Wiseman, Ftank L., Jr; **An Experln^fin^-Orlented Approach' to Teach* 
Ing the Kinetic Molecular Theory.** Journal of ^Chemical 

^ Education , 56(4): 233-234, April, 1979.' 

331. Wolfa, Drew H. and Henry W. Hlekklnen. '*An Analysis, pf the 
Copstriict Validity of avTest of Higher Cognitive^ Learning 
In Introductory Chemistry. *' Journal of Research In Science ' 
Teaching , 1^(1): 25-31, January, 1979. . ' ^ ^ ' 

.332. Wolflnger, Donn^'Mary. "An Experimental Sfoniy Into' the Effect of 
Science Tea<:hlAg on the Young Child 's.Concept of Pla^etlaO;' « 
Physical Causality." Dissertation Abstfact-s , ,39(8): ,4709-^A, 
• "f'. Febrtiarjr, 1979, ' ' ~ " ■ - '• ^ ' ' .'" x 



/ 



% ' . . 128/ 

'321. Ward, pharles Richard. "Designing General Chemistry Laboratory, 
' Experiments for the Enhancement of Cognitive Development,** 
Dissertation Abstracts , 39(9): 5424-Ai March, 1979, ' 

.322. Warelng, Carol^ **The Effects of Analytical vs* Global Cognitive 

^; Stylefs oa Attlfudas of Sixth Grade Students In Science 
. / , Curriculum Improvement Study CSCIS).** Dissertation Abstracts , 
-40(3): 1256-A, September, 1979, 

'323. Warren, Gordon. "E^say Versus Multiple Choice Tests.*' Journal / 
of Research In Science Teaching , 16(6): 563-567, November, ^ 
1979. - . ■ 

324. Weaver, Helen M. et al. "Effects of Science Methods Courses with 

and Without Field Experience on Attitudes of Preservice 
Elementary Teachers." Science Education , 63(5): 655-664, 
October, 1979.' 

~ * ' 

325. Welch, Wayne W. *'Five Years of Evaluating Federal Programs- 

Implications fo^ the Future." Science Education , 63(3): 
^ 33^5-344, July, 1979. 

326. Werllng, Donn Paul. *'A School/Community Model for the Stewardsl^lp ^ 
^" of School Site and Neighborhood Outdoor Laboratories and an / 

Evaluation fox Their Use by Selected 4th and 5th Grade Pupils 
for Environmental Education." Dissertation Abstracts , 
40(5): 2432-A, November,. 1/979. 

327. - Williams, George Henry, Jr. "A Comparison of Twq/ Methods of 

Teaching Undergraduate Genetics at North Carolina Central . ' 
I University." Dissertation Abstracts , 39(9): 5432-A, March, ^ 

1979. . ^ 

^32B. Williams, Harvey et al. "Formal Operational Seasoning by Chemistry 
Studeits." Journal of Chemical Educatlgn , 56(9): 599-600,' 
September, 1979. ^ ^ 

329. Wlllsod* Victor L'. and Jerry G" Horn. '*Dlf ferences In Science. ■ 
Teaching Attitudes* Among Secondary Teachers, Principals, 
College Teacher Trainers, and Teacher Trained.*' Journal of 
, ' Research In Science Teaching , 16(5): 3^85-389, September, 19^9^ 



mc 



"7 r 

•I 

I ' 



/ / 

/ 

/ 

333. 
334. 
335. 



/ 



129 



Wormaclk, Leslie; '^Restn 
Achievement . " jJouri 
/16(2): U5-l5i, 



urlns Ability an<ytfattetns of Science 
1 of /Research In ^c^ence Teaching , 
ch, 1/579. 



fright, Emmett L. "Effect at Intensii^e MistiT^uctlon In Cue 

.Attendance on Sq^-vlng y^ormal OperatJLoii^ Tasks^" Science 
Education , 63(3/: 381-393, July, W}. 



i^fani, ilussell H. it alJ/''A Study of 
/Perceived by/Publlc /School Sclei 
sented at tne annual meeting of/ 
for Resea^^h In^oxiience ^Teachl; 
1979. 
ED 171 51 



Research Priorities as 
I Personnel." Paper pre- 
le National ^Association 
AtUanta, Qfeorgia^ March, 



33'6. lYek 



ly, Russell H/, M. Waugh, and^A. Blalo/ck./ "The Effects of 
Achiev^Haenc Diagnosis witl/ Feedback/ on/the Science Achieve- 



ment aftidz/.ttitude of Unt^rslty Sti 
Research^ in Science Tea ming , 16(5] 



1979/ 



Its." Uoumal of 
465-472, September, 




^feany, fidysell H. et al.//!The Effects/of Diagnostic Prescriptive 
ifrtructlon and Lopis of Coritroi on the Achievement and 
Attitudes of Univjeyslty Studeiits/" Paper presented at the 
' ' : annual meeting o-f >the National Association for Research in 
[/Science Teaching/ Atlanta, Gibr^la, March, 1979. 
171 579 // ' / 

Y^^y, Russell H./Vnd William (fapiep ^ "Analysis System for, Describ- 
ing and Mea^[irlng Strategies of Teaching Data Manipulation 
and IAterpt6tatlon." Sc/lenc^ Education , 63(3); 355-361, 
July, 197K ^ 

^ 7 ' / 

Young, LlndaAee. 'Mndlvl<^\^l Differences Relevant to^ Recess 

in Junior High Selene^." Dissertation ;Abstracts , 3^(8): , 
.4952-// February, 197)9. J " ' ^ ^ V 

Zvl, Rutn y^^JOL et al. Co^ltive Preferences and Modes of / 
iwtriiction in High Schojol Chemistry." Journal of Researgn ^ 
Science Teaching: , !l6(6): 569"574^4Ipvember, 1979. 'f 



I 





/ 



